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Abstract: On December 18, 2017, at 7:34 a.m. Pacific standard time, southbound Amtrak (National 
Railroad Passenger Corporation) passenger train 501, consisting of 10 passenger railcars, a power railcar, 
a baggage railcar, and a locomotive at either end, derailed from abridge near DuPont, Washington. When 
the train derailed, it was on its first revenue service run on a single main track (Lakewood Subdivision) at 
milepost 19.86. There was one run for special guests the week before the accident. Several passenger 
railcars fell onto Interstate 5 and hit multiple highway vehicles. At the time of the accident, 77 passengers, 
5 Amtrak employees, and a Talgo, Inc., technician were on the train. Of these individuals, 3 passengers 
were killed, and 57 passengers and crewmembers were injured. Additionally, 8 individuals in highway 
vehicles were injured. The damage is estimated to be more than $25.8 m illio n. The accident investigation 
focused on the following issues: individual agency responsibilities in preparation for inaugural service, 
multiagency participation in preparation for inaugural service, Amtrak safety on a host railroad, 
implementation of positive train control, training and qualifying operating crews, crashworthiness of the 
Talgo equipment, survival factors and emergency design of equipment, and multiagency emergency 
response. As a result of this investigation, the National Transportation Safety Board makes safely 
recommendations to the United States Secretary of Transportation, the Federal Railroad Administration, 
United States Department of Defense Fire and Emergency Services Working Group, the Washington State 
Department of Transportation, the Oregon Department of Transportation, National Railroad Passen^r 
Corporation (Amtrak), and the Central Puget Sound Regional Transit Authority. The National 
Transportation Safety Board also reiterates four recommendations to the Federal Railroad Administration 
and reclassifies three recommendations to the Federal Railroad Administration. 


The National Transportation Safety Board (NTSB) is an independent federal agency dedicated to promoting aviation, 
railroad, highway, marine, andpipeline safety. Established in 1967, the agency is mandated by Congress through the 
Independent Safety Board Act of 1974 to investigate transportation accidents, determine the probable causes of the 
accidents, issue safety recommendations, study transportation safety issues, and evaluate the safety effectiveness of 
government agencies involved in transportation. The NTSB makes public its actions and decisions through accident 
reports, safety studies, special investigationreports, safety recommendations, and statistical reviews. 

The NTSB does not assign fault or blame for an accident or incident; rather, as specified by NTSB regulation, 
“accident/incident investigations are fact-finding proceedings with no formal issues and no adverse parties ... and are 
not conducted for the purpose of detenuining the rights or liabilities of any person.” 49 C.F.R. § 831.4. Assignment 
of fault or legal liability is not relevant to the NTSB’s statutory mission to improve transportation safety by 
investigating accidents and incidents and issuing safety recommendations. In addition, statutory language prohibits 
the admission into evidence oruse of any part of an NTSB report related to an accident in a civil action for damages 
resulting from a matter mentioned in the report. 49 U.S.C. § 1154(b). 

For more detailed background infonriation on this report, visit NTSB investigations website and search for NTSB 
accident ID RRD18MROOT Recent publications are available in their entirety on the Internet at NTSB website . Other 
infonriation about available publications also may be obtained from the website or by contacting: 

National Transportation Safety Board, Records Management Division, CIO-40, 490 L’Enfant Plaza, SW, 
Washington, DC 20594,(800) 877-6799or (202) 314-6551 

Copies of NTSB publications may be downloaded at no cost from the National Technical Infonriation Service’s 
Technical Report Library at https://ntrl.ntis.gov/NTRU . To download this publication, use product number 
PB2019-100807. For additional assistance,contact: 

National Technical Information Service, 5301 Shawnee Rd., Alexandria, VA 22312, (800) 553-6847 or 
(703) 605-6000 (see NTIS website)_ 
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Executive Summary 

On Deeember 18,2017, at 7:34 a.m Paeifie standard time, southbound Amtrak (National 
Railroad Passenger Corporation) passenger train 501, eonsisting of 10 passenger railears, a power 
railear, a baggage railear, and a loeomotive at either end, derailed from a bridge near DuPont, 
Washington. 

When the train derailed, it was on its first revenue serviee run on a single main traek 
(Lakewood Subdivision) at milepost 19.86. There was one run for speeial guests the week before 
the aeeident. Several passenger railears fell onto Interstate 5 and hit multiple highway vehieles. At 
the time of the aeeident, 77 passengers, 5 Amtrak employees, and a Talgo, Ine., teehnieian were 
on the train. Of these individuals, 3 passengers were killed, and 57 passengers and erewmembers 
were injured. Additionally, 8 individuals in highway vehieles were injured. The damage is 
estimated to be more than $25.8 million. At the time of the aeeident, the temperature was 48°F, 
the wind was from the south at about 9 mph, and the visibility was 10 miles in a light raia 

The Ibllowing are safety issues in this aeeident: 

• Individual ageney responsibilities in preparation for inaugural serviee 

• Multiageney partieipation in preparation lor inaugural serviee 

• Amtrak safety on a host railroad 

• Implementation of positive train eontrol 

• Training and qualifying operating erews 

• Crashworthiness of the Talgo equipment 

• Survival faetors and emergeney design of equipment 

• Multiageney emergeney response 

Parties to the investigation inelude the Federal Railroad Administration; Washington 
Utilities and Transportation Commission; Amtrak; Central Puget Sound Regional Transit 
Authority; Washington State Department of Transportation; Talgo, Ine.; Siemens Industry, Ine.; 
the Brotherhood of Loeomotive Engineers and Trainmen; and the International Assoeiation of 
Sheet Metal, Air, Rail and Transportation Workers. 

The National Transportation Safety Board determines that the probable eause of the 
Amtrak 501 derailment was Central Puget Sound Regional Transit Authority’s failure to provide 
an effeetive mitigation for the hazardous eurve without positive train eontrol in plaee, whieh 
allowed the Amtrak engineer to enter the 30-mph eurve at too high of a speed due to his inadequate 
training on the territory and inadequate training on the newer equipment. Contributing to the 
aeeident was the Washington State Department of Transportation’s deeision to start revenue 
serviee without being assured that safety eertifieation and verifieation had been eompfeted to the 


X 





NTSB 


Railroad Accident Report 


level determined in the preliminary hazard assessment. Contributing to the severity of the aeeident 
was the Federal Railroad Ad min istration’s deeision to permit railears that did not meet regulatory 
strength requirements to housed in revenue passenger serviee, resulting in (1) the loss of survivable 
spaee and (2) the tailed artieulated railear-to-railear eonneetions that enabled seeondary eoUisions 
with the surrounding environment eausing severe damage to railear-body stmetures whieh then 
tailed to provide oeeupant proteetion resulting in passenger ejeetions, injuries, and fatalities. 
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1.Factual Information 

1.1 Accident 

On December 18, 2017, at 7:34 a.m, Pacifie standard time, southbound Amtrak (National 
Railroad Passenger Corporation) passenger train 501, consisting of 10 passenger railears, a power 
railcar, a baggage railear, and a loeomotive at both ends, derailed from a highway overpass near 
DuPont, Washington. (See figure 1.) 
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Figure 1. Accident location and Point Defiance Bypass. 

When the train derailed, it was on its first revenue service run on a single main track 
(Lakewood Subdivision) at milepost (MP) 19.86. Several passenger railcars fell onto Interstate 5 
(1-5) and hit multiple highway vehicles. At the time of the accident, 77 passengers, 5 Amtrak 
employees, andaXalgo, Inc. technician were on the train. ^ Of these individuals, 3 passengers were 
killed, and 57 passengers and crewmembers were injured. Additionally, 8 individuals in highway 
vehicles were injured. The damage is estimated to be more than $25.8 million. At the time of the 


' Talgo, Inc., which was the original manufacturer of the passenger railcars, has the railcar service and 
maintenance contract. 
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aeeident, the temperature was 48°F, the wind was from the south at about 9 mph, the visibility was 
10 miles in a light rain. 

1.2 Accident Narrative 

On the morning of the aeeident, Amtrak’s designated on-the-job (OJT) trainer ealled the 
train 501 engineer to brief him on the new territory.^ They diseussed the upeoming trip, inetuding 
the eurve atMP 19.86. The OJT trainer suggested that the engineer slow down early and take his 
time.^ 


Prior to the train’s departure, the eonduetor, the qualifying eonduetor, and the engineer 
eondueted a job briefing. They diseussed the general traek bulletins (GTB) and other items 
applieable to the trip. In addition to the operating erew, there was one lead serviee attendant (LSA) 
and one LSA trainee. The entire erew boarded the train at its originating loeation, Amtrak's Holgate 
Street faeility in Seattle. 

Train 501 departed the Holgate Street faeility at 6:09 a.m"^ It was still dark outside, and the 
weather at that time was overeast. The erew moved the train just beyond the yard to the first 
passenger stop at King Street Station MP 0.03. Train 501 departed King Street Station at 6:10 a.m. 
(seheduled departure 6:00 a.m.), 10 minutes late. Train 501 proeeeded south to MP 38.2 where it 
diverged onto the Point Defianee Bypass at TR Junetion MP 38.2. The train arrived at 7:13 a.m 
(32 minutes late) at Taeoma Dome Station, MP 2.0 on the new bypass. The train departed Taeoma 
Dome Station at 7:17 a.m 

The engineer was aeeompaified in the eab of the loeomotive by a qualifying eonduetor who 
was making his first trip qualifying on the physieal eharaeteristies of the territory.^ Earfy in the 
trip, the engineer and qualifying eonduetor ealled out wayside signals and diseussed job-related 
topies.^ At 6:20 a.m, the engineer told the qualifying eonduetor that this trip was a learning 
experienee for him , ineluding what throttle position to use to maintain speed, and that he had only 


^ Amtrak’s title for this supervisor was road foreman of engines and his specific duties were to manage the 
on-the-job training of the employees from Amtrak’s Zone 10, which included engineers based in Seattle, Washington; 
Spokane, Washington; Shelby, Montana; and Portland, Oregon. 

^ Supporting documentation referenced in this report can be found in the public docket for this accident accessible 
from the National Transportation Safety Board’s (NTSB) Accident Dockets web page by searching RRD18MR001. 

The train was scheduled to depart at 6:00 a.m but was delayed due to a mechanical issue. The problem was 
resolved by removing the multiple-unit cable, thereby isolating the trailing unit and having everything mn from the 
head end locomotive. 

^ This conductor will be referred to as the “qualifying conductor’’ in this report because even though he was a 
qualified conductor, he was not qualified on the Point Defiance Bypass territory. The engineer and qualifying 
conductor had not previously worked together. Conventionally, thequalified passengertrainconductorwas stationed 
in the train to attend to the passengers. The conductorwas responsible for the overall safety of the train’s operation, 
although most decisions were made collaboratively with the engineer, the conductorwas in charge of the train. 

® Amtrak had installed inward- and outward-facing audio and image recorders capable of providing recordings to 
verify train crew actions. The information in the accident narrative in this report was gathered from the crew interviews 
and the inward- and outward-facing audio and image recordings. 
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operated one roundtrip over the new territory. At 6:30 a.m, rain was tailing, and the train’s 
windshield wipers were operating. 

For most of the trip, both the engineer and qualifying eonductor remained seated, feeing 
forward and looking out of the front windshield. They oeeasionally looked at their respeetive 
paperwork on the desk in front of them. The qualifying eonduetor filled out anunoffieial Signal 
Awareness form.^ He also refereneed the Central Puget Sound Regional Transit Authority (Sound 
Transit) timetable. The engineer oeeasionally looked down at the gauges on the operating panel. 
Throughout the trip, the engineer passed over grade erossings and appropriatefy sounded the bell 
and horn as required. The engineer oeeasionally eornrnunieated by radio with the Amtrak 
eonduetor who was in one of the passenger railears. At the beginning of the trip, the qualifying 
eonductor was cornrnunicating operating issues to the engineer, sueh as signal aspeets. Later in the 
trip and nearer to the aeeident, the qualifying eonduetor and engineer eonversations were about 
foture trips and job assignments. 

The engineer operated his train at or near traek speed and saw the MP signs at MP 16 and 
MP 17. He believed that his next signifieant maneuver was to begin slowing the train about 1 mile 
before the eurve atMP 19.86. At 7:32:07 a.m., the train passed the northbound switeh into DuPont 
Yard (MP 17.7), and the engineer said out loud, ‘DuPont.” At 7:32:16 a.ra, the train passed the 
advanee speed restrietion sign atMP 17.8, whieh was about 2 miles before the eurve.^ The engineer 
was looking forward but did not reeall seeing this sign. He told investigators during his interview 
that he was not looking for that sign beeause it was too far in advanee of the eurve to be eoneemed 
about slowing down at that point. ^ 

At 7:32:21 a.m, the train’s headlights relleeted oflF the white milepost sign (MP 18). Two 
vehiele headlights were seen on a road that runs behind to the right and behind the milepost sign. 
At 7:3226 a.m, the engineer direeted his gaze to the right as the train passed that sign. The 
engineer told investigators that he was looking for the MP 18 sign but did not see it. He told 
investigators that at the time he thought he had not yet reaehed that loeation. 

During the next 25 seeonds, the train traveled under three 1-5 eross street overpasses, the 
third one at MP 18.53. The engineer was planning to appfy the train brakes about 1 mile before the 
eurve when he reaehed the sign indieating eontrol point (CP) 188. 

At 7:32:55 a.m, the engineer briefly looked at the gauges. The signal at CP 188 was visible 
ahead and was green (elear). A silver signal bungalow eould be seen to the right of the signal The 
CP sign (1876) was washed out by the refleetion of the headlight in the silver signal bungalow. 
Investigators noted that 3 seeonds later, the CP 1876 sign was deteetable as a white reetangle in 
front of the signal bungalow. However, the markings appeared washed out and dffieult to diseern. 


^ The Signal Awareness form had not yet been vetted and thus was not finalized. 

* The advance speed restriction sign is also referred to as the ‘advance warning board.’ 

® Sound Transit used BNSF Railroad’s (BNSF) standard forspeed reduction signs which are placed 2 miles before 
the speed restriction. The 2-mile reductionis based on the notice necessary for slowing Ireight trains. Passenger trains 
slow more quickly when the brakes are applied and do not have to start reducing speed until much closer to the 
restriction. 
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even as the train passed the sign. During this time the qualifying eonductor was looking out the 
front windshield. 

At 7:33:06 a.m, the sign tor MP 19 was visible. The engineer asked the qualifying 
eonduetor about his return trip to Seattle. Three seeonds later the qualifying eonduetor began to 
repfy to him, and the train passed the MP 19 sign at 7:33:10 a.m At 7:33:12, just over 1/2 mile 
from the eurve, the intermediate signal at MP 19.8 first eame into view. 

As the qualifying eonduetor was responding to the engineer’s question, a series of three 
double “beeps” were reeorded in the eab of the loeomotive at 7:33:20 a.m The engineer 
immediately made a minimum brake applieation. A warning light (eonsistent with overspeed 
traetion loekout) illuminated on two sereens on the engineer’s eontrol panel On the left sereen. 
Hashing text and an illuminated warning appeared. On the right sereen, an illuminated warning 
appeared underneath the speedometer. After the beeping started, the engineer looked to his left 
and then moved the automatie brake handle Ibrward slightly. The eonversation between the two 
erewmembers eontinued during this time, with the engineer looking left toward the qualifying 
eonductor and asking him another question. The qualifying eonduetor gave a brief repfy, then the 
eonversation paused. The engineer looked to his right at the display, looked forward again lor 
1 seeond, baek to the right at the display for another 2 seeonds, then looked Ibrward. He then 
looked at the left display and said, “1 guess that happens when...” The eonversation paused again 
as the engineer looked down at the desk to his left. He then looked to his right, and baek Ibrward 
again. 


At 7:33:34 a.m, the eonerete struetural walls were visible on both sides of the traek leading 
up to the Mounts Road overpass near MP 19.5. The 30-mph speed restrietion sign at the entry to 
the eurve at MP 19.75 was visible. 

At 7:33:38 a.m, the engineer looked to the right and baek Ibrward again. Three seeonds 
later he leaned forward and said, “We just tripped the overspeed.” (The engineer told investigators 
that he was unf amiliar with the alarm for an overspeed on this new loeomotive. He said it was not 
eovered during his training and he had not experieneed it the few times he had operated the 
loeomotive.) The qualifying eonduetor was also looking forward. The engineer then pushed the 
automatie brake handle forward to the “Handle OflP” position and looked down at the automatie 
brake handle. ^ ^ He removed his hand from the automatie brake handle, reaehed for the independent 
brake handle, and then baek to the automatie brake handle. 

The engineer told investigators that he had seen the signal atMP 19.8 and initialfy thought 
that they were at CP 188. A moment later, he saw the 30-mph speed restrietion sign and realized 
that they were nearing the entranee of the eurve. At 7:33:44 a.m, he ealled out an expletive, and 3 
seeonds later said, “We’re dead.” The train speed deereased from 83 mph to 78 mph as the train 


The qualifying conductor told investigators that the speedometer on the conductor’s side of the locomotive, 
after a period of time, goes blank. It can be re-illuminated by pressing abutton. However, the conductor stated that he 
did not re-illuminate the screen because he was focused on the physical characteristics of the territory and referencing 
his General Track Bulletins. 

'' The “Handle Off’ position slowly reduces the brake pipe pressure to 0 psi at a full-service brake rate. 

The Brotherhood of Locomotive Engineers and Trainmen (BLET) local chairman told investigators, “CP 188 
actually looked like - there are some similarities to the signal that was at the curve.’’ 
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entered the left-hand eurve atMP 19.8 where the 30-mph speed took efieet. The engineer did not 
make an emergency brake applieation before the aceident. 

About 7:34 a.ra, the lead loeomotive and the following seven coaehes derailed, the 
loeomotive and several coaehes careened down a wooded embankment, some reaehing and 
bloeking the southbound lanes of 1-5. Two coaehes came to rest on the overpass and several cars 
went down the embankment to the left of the overpass while the trailing unit (AMTK 181) 
remained on the rail just short of the overpass. 



Figure 2. Aerial photograph of accident. (Photo provided by Washington State Police [WSP].) 

During the postaccident interview, the engineer was asked if he had any thoughts about 
why he did not see the two wayside signs he was looking for at MP 18 and CP 188. The engineer 
stated: 


The only thing 1 can t hin k of is the locomotive has different visibility from the front 
and the gauges take your eyes off the window. In thinking about it, the only thing 1 
ean t hin k of is that 1 was possibly quiekty looking at a gauge or something and 
missing the sign. That’s my best - you know, 1 don’t know. 

The engineer also told investigators that he was aware of the curve at MP 19.8, and its 
30-mph speed restrietion. He stated, “1 knew the eurve was there. 1 was planning for the eurve. It 
wasn’t like 1 forgot it was there.” 

1.3 Amtrak Cascades Service 

Train 501 was part of the Amtrak Cascades brand. This was a train serviee that initially 
operated between Seattle and Portland. After several trial operations dating baekto 1994, the full 
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Caseades brand was rolled out on January 12, 1999. Amtrak extended a seeond train to Eugene, 
Oregon, in late 2000. 

On Oetober 1, 2013, the federal government shifted responsibility lor ftinding the Amtrak 
Caseades serviees to states served, in aeeordanee with the Passenger Rail Investment and 
Improvement Aet (PRIIA) of 2008. The Amtrak Caseades system beeame a joint program of 
Washington State Department of Transportation (WSDOT) and the Oregon Department of 
Transportation (ODOT). Before this, Amtrak had eontributed a portion of funding lor the serviee. 
As a result, WSDOT and ODOT eontraeted with Amtrak to operate the Amtrak Caseades serviee. 
Sinee Amtrak no longer eontributes finaneially to the operating eosts, the serviee is now funded 
by tieket revenues and state funds. 

Annually, the Amtrak Caseades serviee eurrently operates more than 4,000 departures and 
serves more than 810,000 passengers. Its trains, operating in the Paeifie Northwest eaeh day offer: 

• Four daily round trips between Seattle and Portland (seheduled to inerease to 6 trips 
with the return to the Point Defianee Bypass) 

• Two daily round trips between Seattle and Vaneouver, British Columbia 

• Two daify round trips between Portland and Eugene, Oregon 

1.4 Washington State Department of Transportation 

WSDOT is a eabinet-level ageney reporting to the governor and headed by the Washington 
seeretary of transportation. In addition to building, maintaining, and operating the state highway 
system, WSDOT is responsible for administering the state ferry system; and working in 
partnership with others to maintain and improve loeal roads, railroads, and airports; as well as 
supporting alternatives to driving, sueh aspublie transportation, bieyeles, and pedestrian programs. 

1.4.1 WSDOT Rail, Freight, and Ports Division 

Wit hin the WSDOT, there is a Rail, Freight, and Ports division speeilioally responsible for 
managing grants, funding, and delivering eapital improvements. The division has planning 
responsibilities for Washington’s rail, freight, and port programs. The division also oversees the 
management of the Amtrak Caseades intereity passenger rail serviee along the Paeifie Northwest 
Rail Corridor. 

As stewards of the Amtrak Caseades system, WSDOT is responsible for reporting; 
budgeting; performanee traeking; eonstmetion projeet grant administration or management; loeal, 
regional state, and national program eoordination; working with the freight rail partners that own 
the railroad traeks; publie outreaeh; and marketing aetivities. 


The Pacific Northwest Rail Corridor is 1 of 11 of the United States Department of Transportation (USDOT) 
officially designated high-speed rail corridors in the United States. 
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1.4.2 WSDOT Capital Improvements 

In 2006, WSDOT developed its long-range plan for Amtrak Caseades that projeeted 13 
roundtrips between Portland, Oregon, and Seattle, Washington, and 4 trips between Seattle, 
Washington, and Vaneouver, British Columbia. WSDOT applied for and reeeived federal 
Ameriean Reeovery and Reinvestment Aet (ARRA) grants in 2009-2010 to undertake the first set 
of improvements outlined in the plan. After being awarded nearly $800 million in funding, 
WSDOT began 20 rail infrastrueture projeets, ineluding: 

• Station upgrades and eonstruetion 

• Traek and signal upgrades 

• New traeks, ties, and sidings 

• New loeomotives 

• Landslide mitigation work 

By the 2017 deadline, delivery of the 20 projeets and serviee outeome agreements with 
Amtrak, BNSF Railway (BNSF), and Sound Transit were eompleted. On-time reliability inereased 
to 88 pereent, travel times between Seattle and Portland deereased by 10 minutes, and two more 
round trips were added between Seattle and Portland (for a total of six). 

1.4.3 The Point Defiance Bypass Project (Lakewood Subdivision) 

The Point Defianee Bypass projeet, initiated in late 2014, was the final projeet eompleted 
by Sound Transit using federal grants. The projeet ineluded traek improvements and anew Amtrak 
Caseades station in Taeoma. About $180 mil lion was invested in improvements to the Point 
Defianee Bypass projeet. 

Sound Transit was a eontraetor for WSDOT on this projeet. Sound Transit, hired and 
managed eontraetors whieh undertook the work. All improvements are owned by Sound Transit 
that is responsible for traek operation and maintenanee of the Point Defianee Bypass. BNSF is 
responsible for dispatehing trains in the eorridor. WSDOT direetfy eontraeted for and managed the 
work to build the new Taeoma Dome station. 

Improvements on the Point Defianee Bypass ineluded new and upgraded traeks, ties, and 
ballast on the 14.5-mile route; five reeonstrueted at-grade erossing^, eaeh with advaneed warning 
and signal systems; four railroad bridge rehabilitations/reeonstruetions; and a seeond platform at 
the Taeoma statioa Safety improvements provided in the projeet ineluded: 

• New trafiie signals to eoordinate with the train signals and railroad erossing gates to 
minimize queuing and keep trafiie moving 

• Median barriers to prevent vehieles from going around the railroad erossing gates 
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• New signage to alert vehieles to not stop on the traeks 

• Sidewalks to provide Amerieans with Disabilities Aet (ADA) aeeessible routes over 
the traeks in loeations where sidewalks are present 

• Wayside grade erossing horns to minimize noise outside of the interseetion, so trains 
do not have to blow horns when approaehing the interseetion 

• Feneing along both sides of the traeks to diseourage trespassing 

Sound Transit built a new double-traek eonerete trestle east of Freighthouse Square to 
inerease eapaeity for passenger rail serviee in the eorridor. WSDOT provided some kinds to 
support a new Taeoma Trestle projeet. In addition, a seeond platform was buitt at the station to 
aoeommodate both Amtrak Caseades and Sounder trains. An extension was also added to the 
existing platform to aoeommodate Amtrak long-distanoe trains. WSDOT kinded these 
improvements through a oontraot with Sound Transit, whioh managed the oonstruotion and is 
responsible for the ongoing maintenanoe. 

1.5 Sound Transit 

Sound Transit is a regional transit authority for the urban areas of King, Pieroe, and 
Snohomish oounties. Sound Transit plans, builds, and operates express bus, light rail, and 
oommuter train servioes. 

1.5.1 Office of System Safety and Quality Assurance 

The Safety and Quality Assuranoe Division (SQA) is led by the ohief safety and quality 
assuranoe offioer, who is responsible for the development and implementation of safety programs 
and initiatives and is a direet report to Sound Transit’s ohief exeoutive offioer. Within the SQA the 
following direotors oversee the following fonotions: 

• Transit safety system direotor; Manages the fonotions of employee health and safety, 
safety management system (SMS) implementation, transit safety, transit safety system 
outreaoh and the Division’s dooument oontrol 

• Constmotion and systems safety direotor: Manages the agenoy safety oertikoation 
program and the oonstmotion safety monitoring and oversight for all oapital projeots 

• Quality assuranoe direotor: Develops and manages agenoy quality requirements and 
provides oversight to ensure quality requirements are oonsistently implemented, 
monitored, and improved to meet agenoy and Federal Transit Administration (FTA) 
expeotations for oapital projeots. The quakty assuranoe direotor also develops and 
implements the agenoy’s Safety Audit program to ensure oomplianoe with regulatory 
safety requirements inoluding the FTA, the State of Washington’s safety oversight, the 
Federal Railroad Administration (FRA), and the Amerioan Pubko Transportation 
Assooiation (APTA) 
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1.5.2 System Safety Program Plan 

The Sound Transit’s System Safety Program Plan (SSPP) provides an overview and outline 
of the safety program elements applieable to Sounder Commuter Rail. Eaeh program element is 
further defined and supported by respeetive departmental proeedures, manuals and other 
doeumentation as applieable. Sound Transit developed its SSPP using the Ameriean Publie 
Transportation Assoeiation Manual for the Development of System Safety Program Plans for 
Commuter Railroads (APTA Manual) as guidanee. The APTA Manual refleets the industry and 
FRA guidanee on system safety program plans and is the eurrent resouree for developing system 
safety plans for eommuter rai 

1.5.3 System Safety Certification Plan 

Sound Transit’s System Safety Certifieation Plan (SSCP) is intended to ensure that all 
feeilities, systems equipment, proeedures and plans, training programs, and emergeney 
preparedness programs are reviewed for eomplianee with safety requirements by SQA in 
eoordination with the Operations Department and Design Engineering and Construetion 
Management Department. The ehief safety and quality assuranee ofl&eer is responsible to eertify 
eomplianee through a Safety Certifieation Verifieation Report, prior to revenue serviee. 

Sound Transit’s Safety and Seeurity Management Plan (SSMP) identifies plans, 
management structure, responsibilities, and authority for doeumentation, eonfirmation, aetivities, 
and tasks neeessary to integrate safety and seeurity into eaeh phase of Sound Transit’s eapital 
projeets. The SSMP deseribes the integration of safety and seeurity aetivities, inetuding methods 
for identifying, evaluating, mitigating, and resolving safety hazards and seeurity vulnerabilities. 
Aeeording to Sound Transit, the SSMP is designed to do the following: 

• Doeuments Sound Transit's eommitment and philosophy to aehieve the highest 
praetieal level of safety and seeurity for eustomers, employees, eontraetors, and the 
publie 

• Deseribes safety and seeurity proeesses and aetivities that minim ize risk of injury and 
property damage 

• Integrates safety and seeurity fimetions and aetivities throughout Sound Transit’s 
organizational and reporting stmeture 

1.5.4 Construction, Safety Certification for Point Defiance Bypass Project 

Sound Transit eontraeted the eonstruction of improvements to the Eakewood Subdivision 
to aoeommodate the re-routing of Amtrak serviee (ineluding WSDOT’s sponsored Caseades 
serviee) through Sound Transit’s Eakewood Subdivision. This relationship with WSDOT is 
refleeted in the High Speed Intereity Passenger Rail Program Amended and Restated Construetion 
and Maintenanee Agreement (RRB-1043), dated June 30, 2016, as amended; and the Serviee 
Outeomes Agreement among WSDOT, Amtrak, and Sound Transit (RRB-1044), dated Oetober 1, 
2014. However, the operation of Amtrak trains through the Eakeview Subdivision is under an 
Operating Agreement between Amtrak and Sound Transit, dated January 1,2015. 
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Sound Transit eompleted safety eertifieation in aeeordanee with the 2015 Sound Transit 
SSMP. The SSMP required the testing, verilieation, and doeumentation of statie and dynamie 
testing of installed systems, signage, and elearanees. Sound Transit eondueted oversight, provided 
field stalf during testing, and required eontraetor doeumentation to verify the testing and 
eommissioning of installed equipment in aeeordanee with relevant eontraet speeifieations. Grade 
erossing warning times were verified during multiple ineremental train speed testing events. Onee 
right of way tests, signal, and grade-erossings were eompleted and verified, Sound Transit 
management eertified through a Safety Certifieation Verifieation Report that the Point Defianee 
Bypass projeet was ready to be transitioned to operations. This would allow for WSDOT and 
Amtrak to begin prerevenue testing. After prerevenue testing began, Sound Transit did not reeeive 
any reports of issues, defieieneies, or anomalies with the operating system, right of way or grade 
erossings Ifom Amtrak. 

1.5.5 Hazard Analysis 

As part of the 2015 Sound Transit SSMP, Sound Transit developed a Point Defianee 
Preliminary Hazard Analysis (PHA) dated April 24, 2015. Inehided in this anafysis, the hazard 
assoeiated with speed reduetions for eurves was identified and the hazard was addressed as shown 
in table 1. 

Table 1. Hazard associated with speed reductions for curves. 


Location 

Track curves 

Hazard 

Derailment 

Potential Cause 

Train speed notwithinspecified limitsattrackcurves 

Effect Consequence 

Potential derailment, equipmentdamage, major/minorinjuries 

Initial Risk 

1C - Unacceptable 

Existing Mitigation 
Measure 

Timetable 

Recommended 
Mitigation Measures 

1. Ensure curves; elevation and speed limitations are designed according to Title 49 Code 
of Federal Regulations {CFR) 213.57 

2. Develop inspection and maintenance procedures according to 49 CFR 213.233 Track 
Inspection 

3. Future positive train control (PTC) 

Suggested 

Resolution (Safety 
verification) 

1. PTC regulated speeds according to timetables 

2. Standard operating procedures 

Residual Risks 

1D - Undesirable 

Remarks and 
Comments 

Requires safety certification verification during integrated testing, com missioning, and 
operational phases. 


Figure 3 ine hides the Hazard Risk Indiees table used to determine the risk assoeiated with 
identified hazards. Sound Transh staff are required to use this table as a tool to identify the risk 
assoeiated whh a hazard and then mitigate aeeordingly to the risk deeision matrix to reduee or 
eliminate the hazard. Hazards that fell into the “Unaeeeptable” category require mhigations and 
are otherwise not aeeeptable. Hazards falling into the “Undesirable” eategory are allowed to exist 
with the approval and signoff of the “Exeeutive Leadership Team Representatives (ELTR)” or 
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“Senior Oversight Approval Panel (SOAP).”^"^ 

SOUNDTmnSU agency safety and SECURmr management plan 


Figure 6. Flisk Assessmeni Uairix 



Each hazard category the Risk Assessment Matrix in Table 5 requires a specific level of 
action. Table 5 represents the decision authority for each category. 


Table 5: Hazard Decision Matrix 


Hazard Risk Index 

Risk Decision Criteria 

1A,1B, 1C,2A.2B, 3A 

■ 

Unacceptable (Un) 

ID, 2C, 2D, 3B, 3C, 


Undesirable (Ud) 

4A.4B. 5A 

ELTR/SOAP concurrence required 

IE, 2E. 30, 3E. 4C, 40, 
5B, 5C 

□ 

Acceptable with SSDCC review (Ar) 

4E, 50. 5E 

■ 

Acceptable without further review (Ac) 


Figure 3. Sound Transit hazard risk assessment chart. 

1.5.6 Inaugural Service Point Defiance Bypass Project 

National Transportation Safety Board (NTSB) investigators learned that WSDOT and 
Sound Transit representatives had several meetings to diseuss a start date for service. According 
to WSDOT officials, on September 28, 2017, Sound Transit provided WSDOT with a starting date 
of December 18, 2017, to begin the inaugural service. Amtrak did not object to the date. Onee 


The Sound Transit senior director of Safety and Quality Assurance (chief safety officer) is the chair of the 
SOAP and a member oftheELTR Safety and Security Design Constmction Committee (SSDCC). 
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deeided, Sound Transit, Amtrak, and BNSF proeeeded in the preparation to operate on the new 
route. 


On the date that the inaugural serviee began, the Lakewood Subdivision improvements 
were eompleted exeept for the positive train eontrol (PTC) portion of the projeet whieh was 
required to mitigate overspeed derailments on traek eurves. This ehange should have required a 
ehange to the PHA doeument, however the PHA was never updated to refleet the absenee of the 
designated hazard mitigation. Sound Transit turned the projeet over for revenue serviee with 
min imal controlling mitigations (standard operating proeedures [SOP]) for the hazard of a 
derailment on eurves. The fin al safety and seeurity verifieation matrix ineluded the same 
mitigations that were provided in the PHA; however, the timetable had also been added as a 
eontroUing mitigation. Using the hazard risk indiees, Sound Transit assigned risks to the hazard as 
shown above. The initial risk for the eurve hazards was “IC -Unaeeeptable” and the residual risk 
was “ID - Undesirable.” In either ease, before trains were operated, Sound Transit’s system safety 
program required “Safety eertifieation verifieation during integrated testing, eommissioning, and 
operational phases.” As previously noted, Sound Transit’s SSMP referenees “proeedures and 
training” as the lowest proteetive mitigation. On the day of the aeeident, the status of this hazard 
was marked as “Completed Aeeepted,” even though PTC had not been implemented, whieh was 
the mitigating measure to eliminate the hazard. 

1.5.7 BNSF Railway 

Sound Transit eontraeted BNSF to provide the operating erews to operate their Sounder 
eommuter operations. Further, they eontraeted BNSF to provide the train dispatehing for the 
Lakewood Subdivision (Point Defianee Bypass). BNSF also prepared the timetable deseribing the 
Lakewood Subdivision. The timetable eontained speeifie instmetions to the operating erews 
pertaining to this seetion of railroad, ineluding speed tables and the loeation of the aeeident eurve. 
BNSF ineluded the Lakewood Subdivision on its PTC Implementation Plan filing with the FRA 
to aeeelerate Sound Transit’s PTC installation. The FRA approved BNSF’s revised PTC 
Implementation Plan onMareh 6, 2018. 

1.5.8 Amtrak 

WSDOT eontraeted Amtrak to provide the operating erews and to maintain the equipment 
for the Caseades Serviee. Amtrak was required to provide qualified and trained operating and 
meehanieal employees. Further, Amtrak had to provide the neeessary supervision and 
reeordkeeping that is required by the FRA. Amtrak attended some but not all the meetings 
preparing for the new serviee on the Point Defianee Bypass. (Preparing the operating erews for the 
new route is eovered in seetion 2.5 of this report.) 

The Amtrak loeomotive supervisors explained to NTSB investigators that they had notieed 
that the timetable did not require the eonduetor to remind the engineer by radio of the upeoming 
speed restrietion at MP 19.8 like other loeations with a major required reduetion in speed. (See 
seetion 2.5.2 in this report for further diseussion on the requirements of the Fixing Ameriea’s 
Surlaee Transportation Aet of 2015 (FAST Aet) and FRA Emergeney Order 29.) The Amtrak 
assistant superintendent told investigators that the plan was to update Amtrak’s Speed Limit 
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Reduetion Aetion Plan through a General Order that would be issued implementing a “erew focus 
zone” atMP 19.8 on the new Lakewood Subdivision. This was to be eompleted in January several 
weeks alter revenue serviee on the subdivision had begun. Aeeording to the assistant 
superintendent, this is the responsibility of the Amtrak Paeifie Northwest Division and was 
overlooked prior to irutiating serviee.'^ 

1.6 Operations 

The Lakewood Subdivision was owned and maintained by Sound Transit extending from 
TR Junetion (MP 0.7) in Taeoma to BNSF’s Nisqually Junetion (MP 21.3). Sound Transit’s 
eommuter serviee operated between Lakewood (MP 10.1) and Seattle, Washington, and was 
eontraeted with BNSF to provide erews to operate the trains.'^ Amtrak, through eontraet with 
WSDOT, provided Caseades serviees along the entirety of the subdivision. Taeoma Rail operated 
on the southern portion of the subdivision between Nisqually Junetion and Lakewood providing 
switehing serviee to freight eustomers.'^ Taeoma Rail did not operate north of Lakewood. 
Oeeasionally, there was BNSF freight serviee to JBLM at the southern end of the subdivision. 

The operating erews were governed by the 7th edition of the General Code of Operating 
Rules effeetive April 1, 2015. Speeifie instruetions relating to the subdivision were Ibund in the 
Sounder Commuter Rail Timetable No. 2, effeetive November 13, 2017 (Sinee BNSF provided 
the operating erews to operate the Sound Transit eommuter trains and train dispatehing serviees, 
BNSF also prepared the Timetable lor the territory.) Modifieations to the timetable and additional 
instruetions were issued by General Orders - Sounder Commuter Rail Division. Also, eaeh train 
(either Sound Transit, Amtrak, Taeoma Rail, or BNSF) that operated on the subdivision reeeived 
a traek warrant and buUetins speeifie to that train and that day of operation. Further, Amtrak train 
erews were governed by General Orders titled, Amtrak Paeifie Northwest Division. 

1.7 Oversight 

1.7.1 Washington [State] Utilities and Transportation Commission 

The Railroad Safety Seetion of the Washington [State] Utilities and Transportation 
Commission (WUTC) ensures publie safety byrnorfitoring operations of the 25 railroad eompanies 
offering serviee in Washington. The seetion eonduets safety inspeetions of various aspeets of 
railroad operations. Under state authority, staff inspeet erossings and walkways and evaluate, 
investigate, and reeommend to the eommission whether eompany filed petitions related to erossing 
ehanges and elose elearanees should be approved. Working with the FRA, eommission staff 
eonduet inspeetions of eompany operating praetiees, hazardous materials handling, erossing 


The Amtrak Pacific Northwest Division is based in Seattle and responsible for train operations in the 
Northwestern United States. 

BNSF train crews operate Sound Transit commuter trains from Seattle to Lakewood. Currently, there is no 
Sound Transit service south ofLakewood. 

Tacoma Rail is a local Short Line railroad. 

Supporting documentation can be found in the public docket for the NTSB investigative hearing, “Managing 
Safety on Passenger Railroads,” July 10 - 11, 2018, accessible from the NTSB Accident Dockets web page by 
searching DCA18HR001. 


13 




NTSB 


Railroad Accident Report 


signals and traek. The seetion also provides edueation and outreaeh serviees as part of the 
Operation Lifesaver program. It also investigates aeeidents and eomplaints from the publie and 
partners with loeal, state, and federal ageneies to implement safety awareness and improvement 
programs. 

1.7.2 Federal Railroad Administration 

The FRA and the WSDOT were responsible for providing oversight of some elements of 
the Point Defianee Bypass Projeet and Sound Transit (subgrantee). Most of these elements are 
linaneial in nature, however, both ageneies had a responsibility for ensuring that the projeet would 
be safe to operate. The terminology “safe to operate” is ambiguous. In its eontraet with Sound 
Transit for the eonstruetion and eompletion of the projeet, WSDOT required Sound Transit to 
eomplete a Safety Seeurity Certifieation Verifieation Report to eertify that the projeet was “safe 
and ready for use in revenue operations.”^^ Although WSDOT used staff to ensure that the projeet 
was proeeeding along aeeording to sehedule and budget, the role as it related to overseeing safety 
was limited. WSDOT had a staff member partieipate in Sound Transit’s PHA aetivities and some 
testing, ineluding grade erossing testing and validation. However, WSDOT did not have a 
formalized approaeh to oversee Sound Transit’s implementation of its safety eertilieation proeess. 
There was not a formal requirement for WSDOT to oversee safety aetivities of the subgrantee. 

To meet the requirements of the federal funding meehanism, the FRA required submission 
of design plans, proposed expenditures, eonstruetion bids, and other formal doeuments that 
supported High-Speed Intereity Passenger Rail Program (HSIPR Program) funding requests under 
the Ameriean Reeovery and Reinvestment Aet of 2009 (ARRA). The FRA provided written 
approvals to WSDOT and other entities that ineluded approvals for preliminary engineering, final 
design implementation, and eonstmetion stages for the bypass. The FRA also required that 
WSDOT submit a System Safety Program Plan, and beeause the projeet was being eonstrueted by 
Sound Transit, Sound Transit’s Safety and Seeurity Management Plan would apply. Although 
these doeuments are sent to the FRA for review and guidanee, if applieable, the FRA does not 
approve the plans. 

The FRA’s role for providing oversight is split between grant oversight and safety 
oversight. The polieies and proeedures as outlined in the grantee’s or subgrantee’s Safety and 
Seeurity Management Plan (SSMP) governing the safety proeesses to be followed during projeet 
design, eonstruetion, and prerevenue testing are simply grant requirements. The FRA Passenger 
Rail Division provides guidanee and feedbaek on these safety doeuments, but the FRA has no 
regulatory authority to approve or require ehanges to an SSMP or the SSMP’s implementation. In 
addition to providing guidanee, the FRA Ofiiee of Safety, inetuding the Passenger Rail Division, 
will in some instanees perform site visits and observe prerevenue aetivities. In the ease of the Point 
Defianee Bypass, the Passenger Rail Division did review Sound Transit’s hazard management 
program but only in respeet to its meeting a deliverable of the grant. 

There were 34 field and eomplianee inspeetions eondueted by the FRA regional offiee prior 
to the initiation of revenue serviee, these inspeetions ineluded traek, signal, operating praetiees. 


Safety Security Certification Verification Report (SSCVR) for Point Defiance Bypass Track & Signal 
Improvement Project, October 27, 2017. 
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grade erossings, and motive power and equipment. However, safety eertifieation was not in the 
seope of these inspeetions. 

1.8 Personnel Information 

1.8.1 Fitness for Duty 

Both the 55-year-old engineer and the 48-year-old qualifying eonduetor had slept the night 
before going on duty the day of the aeeident. They both seheduled their sleep to be prepared for 
the upeoming shift. They both stated that they felt rested for the trip. 

The engineer had been diagnosed with obstruetive sleep apnea (OSA) whieh was being 
treated with a eontinuous positive airway pressure (CPAP) maehine.^® He was also being 
efieetively treated for type 2 diabetes, hypertension, and high eholesteroL The qualifying 
eonduetor did not have any medieal issues. 

Following the aeeident, the engineer, eonduetor, and qualifying eonduetor on the Amtrak 
train underwent NTSB requested postaeeident toxieologieal testing.Both had evidenee of 
medieations used during their emergeney treatment. In addition, the engineer had a traee amount 
of diphenhydramine and some naproxen in his system. At the levels deteeted, neither would have 
been eonsidered impairing. All other erewmembers tested negative for illieit drugs and aleohoL 

1.8.2 Training and Experience 

The engineer of train 501 was hired by Amtrak on May 17,2004. He worked as a eonduetor 
for several years in the Paeifie Northwest. Speeilieally, he worked out of Seattle and in Vaneouver, 
British Columbia, as lar east as Minot, North Dakota, and south to Portland, Oregon. He beeame 
a eertilied engineer in August 26, 2013, and worked mainly out of Portland (as far as Paseo to the 
east, Seattle to the north, and Klamath Falls to the south). The Amtrak road foreman of engines 
OJT told investigators that the engineer was very eompetent and eonseientious, and he had no 
reservations about him . The assistant superintendent, road operations said that the engineer was 
safe and aware of what was going on. 

The Amtrak qualifying eonduetor was hired by Amtrak June 15, 2010, in Seattle, 
Washington. He went to Amtrak’s training faeility in Wilmington, Delaware, where he spent 
8 weeks as part of their new hire training. Afterwards, he returned to Seattle, and partieipated in 


A portable CPAP machine was among his personal items recovered from the locomotive. NTSB Research and 
Engineering verified use of the device with downloaded data. 

Testing was performed by the Federal Aviation Administration’s (FAA) Bioaeronautical Sciences Research 
Laboratory and included more than 1,300 substances. Further, this testing was voluntary because it exceeded the 
mandatory FRA testing which only tests fora limited number of substances. 

Diphenhydramine a sedating antihistamine available over the counterin a wide variety of products such as 
Benadryl and Unisom. It is used to treat cold and allergy symptoms and is also commonly the active ingredient in 
nonprescription sleep aids.Diphenhydramine carries thefollowing warning: may impair mental and/orphysicalability 
required for the performance of potentially hazardous tasks (such as driving, operating heavy machinery). Altered 
mood and impaired cognitive and psychomotor performance may also be observed. Naproxen is an over the counter 
anti-inflammatory pain medication often marketed with the name Aleve. It is not generally considered impairing. 
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on-the-job training for eonductors. He beearne a quaffied eonduetor on Oetober 18,2011. He was 
qualified to work out of Seattle to Portland, Spokane, and Vaneouver, British Columbia. On the 
day of the aeeident, he was riding on the head-end of the train during his first trip qualifying on 
the Lakewood Subdivision and requalifying on the BNSF Seattle Subdivision. 

The Amtrak eonduetor was hired on June 6, 2014, and promoted to eonduetor on 
Oetober 28, 2015. At the time of the aeeident he was working as the eonduetor and boated in one 
of the passenger railoars. There were no assistant oonduotors in the other passenger railoars. 

1.8.3 Territory Qualification for Lakewood Subdivision 

The Amtrak road foreman of engines OJT told NTSB investigators that the new territory 
“is not very ohallenging” beoause it was straight, mainline traok with relatively few signals and 
orossings. He oonsidered it less ohallenging than the territory between Taooma and Seattle. This 
was also the general oonsensus of other Amtrak offioials interviewed. 

Amtrak’s assistant superintendent (road operations), the road foreman of engines OJT from 
Portland, Oregon, and the road foreman of engines from Seattle, Washington, were among those 
that determined what training was appropriate for qualifying engineers and oonduotors on the 
physioal oharaoteristios of new territory. They agreed that, given the length of the route, eaoh 
engineer needed to take multiple observational trips over the territory (to physioally see the 
territory and review the traok oharts and timetable), and was required to operate the train for at 
least one roundtrip over the territory. The assistant superintendent, road operations told 
investigators that the feedbaok they reoeived from the FRA during the qualifioation prooess was 
positive. 


Qualifioation on the new territory for engineers started on November 27, 2017. The 
qualifioation elements inotuded operating a train and observational rides from the head-end and 
rear-end of looomotives. The qualifying period for all orewmembers lasted about 10 days. All 
observational rides were performed at night. The number of trainees in the operating oompartment 
varied eaoh trip but reaohed as many as seven people. After several observational rides, the 
engineers then operated the train over the territory under the supervision of a qualified foreman. 
Aooording to Amtrak’s assistant superintendent of road operations, every engineer was given as 
many trips as the qualifying road foreman felt was needed, and most were oompleted wit hin one 
to two roundtrips and several trips of observation. Engineers who the road foreman believed 
needed additional time to qualify were brought baek at a later date to operate the trains on the new 
territory. 

A Brotherhood ofLoeomotive Engineers and Trainmen (BEET) loeal ehairman was also 
involved in the initial training and qualifieation proeess and eoneurred with the qualifieation plans. 
He believed that the route was “a relatively simple pieee of railroad” but realized that erews had 
to be eareful going downhill towards the aeeident eurve. He told investigators, “[The physieal 


Amtrak’s assistant superintendent, road operations was involved in the testing and qualifications of the 
engineers and conductors operating over the new territory. The road foreman of engines OJT (from Portland), in 
addition to having local responsibilities, covered a large part of Amtrak’s Northwest region in charge of the on-the-job 
training of the locomotive engineers. 
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eharaeteristies training] was adequate for me. But...in a perfeet world, we would have been out 
there, you know, twiee as long... if we eould have had more exposure, all kinds of day.” 

The train 501 engineer made between 7 and 10 observational rides over the territory before 
operating the train over the territory under the supervision of a road foreman. He had operated the 
train twiee northbound, and one time southbound, that ineluded transiting the eurve at MP 19.8. 
All the trips were made at night. Alter his last trip, the road foreman indieated that he did not 
believe the engineer required additional time operating the train to beeome qualified, and the 
engineer eoneurred. 

Following their qualifying trips, engineers were given a final qualifying physieal 
eharaeteristies examination eonsisting of 12 fill-in-the blank questions. The examination was 
prepared by the loeal Amtrak supervisors based on a eonsensus of “what they believed” was 
important to know on the new route. The train 501 engineer took this examination onDeeember 16, 
2017, and aehieved a seore of 100 pereent. The last question on the exam refereneed the eurve at 
MP 19.8: 

Traveling southward what is the permanent speed restrietion for Talgo and 
passenger trains at MP 19.8 and is the 1.6% grade aseending or deseending? (The 
answer was 30 mph and a deseending grade). 

The assistant superintendent, road operations stated that the greatest ehallenges in the last 
year was not having the new route available to Amtrak until they were elose to starting passenger 
serviee. He told investigators: “If we eould have had another, you know, eouple of months to get 
that done, it would have been great... Having new serviee, new route and new loeomotives all at 
one time made it a bit d iffi cult as well” 

However, he did not believe that there was a need to provide additional observation rides 
or time spent operating the train over the new territory. 

The Amtrak road foreman of engines OJT told investigators: 

1 felt they (the qualifying engineers) had enough exposure to the territory where 
they eould run it safety as long as they were being mindful of their limitations, and 
if they felt less eomfortable than others might, that they would run slower or be 
more eautious... 1 was not eoneemed anyone out there eouldn’t have operated over 
that traek safety. 

Conduetors qualifying on the territory typieally made observational rides Ifom either the 
trailing loeomotive or on one of the passenger railears, and not the head-end of the loeomotive. 
The eonduetor on train 501 made about five roundtrip observational rides on the Lakewood 
Subdivision. Conduetors were also required to pass a final qualifying physieal eharaeteristies 
examination (whieh was different than the one administered to the engineers). 
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1.8.4 Wayside Cues for Speed Restriction 

NTSB investigators were able to identify the advanced warning board sign at MP 17.8 
while watehing the outward-faeing video. The BLET loeal ehairman told investigators, “We don’t 
normally use the advaneed board, but you got to...espeoially in a new territory.” Amtrak’s road 
foreman of engines OJT told investigators, “An advaneed speed board doesn’t realty have any 
efieet on their operation beeause it’s just too far out...to be of any use to them for braking for a 
eurve 2 miles away.” He added that some engineers may opt to brake earlier than 1 mile from the 
eurve because of the downhill grade and the need to reduee the train’s speed from 79 mph to 30 
mph as they approach the curve. (See figure 4.) 



Figure 4. Location of signage on the approach to MP 19.8. 

NTSB investigators also viewed the loeomotive’s outward-faeing video to assess the 
eonspieuity of the wayside signs atMP 18 and CP 188. Investigators noted that the sign atMP 18 
beeame conspieuous after the train had passed a grade crossing at MP 17.34. After the crossing, 
the MP 18 sign was visible for up to 10 seeonds, although the numbers on the sign eould not be 
read until the train was about 4 seconds away. NTSB investigators noted that when the train 
approached the sign, headlights from automobiles heading north on a street that ran parallel to the 
traeks eould be seen from the operating eompartment. However, the automobile headlights did not 
appear to ‘wash out’ the sign. 

Amtrak’s road foreman of engines OJT told investigators that he was about as familiar with 
the territory as any other engineer. He stated, “there was nothing significant” in terms of physical 
characteristics to remind him self of the upcoming curve. He did not have a good marker for himself 
for knowing when to slow dowa 
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The road foreman who qualified the engineer stated that he used CP 188 as a marker of 
when to begin slowing down. He speeifieally instrueted erews to start slowing the train before 
passing the signal for CP 188 (about 1 mile prior to the eurve). 

The engineer believed the more he operated on a new territory, the more likely he was to 
use external eues to help identify where he was on the traeks. On territories where he had extensive 
operating experienee, he eited stationary objeets as potential eues, ineluding bridges, buildings, 
siding switehes, and very often signals. 

1.8.5 Familiarity with the Siemens Charger Locomotive 

In the summer of 2017, the Amtrak 501 engineer partieipated in training on the Siemen’s 
Charger loeomotive. His training elass had a single instruetor and about a dozen students. The 
training ineluded general information during elassroom instructioa 

Students also went inside the loeomotive and got exposure to the display sereens and 
eontrols. Students toured the engine room and reeeived instmetion on its meohanieal features. 
However, students were not able to operate the Charger loeomotive at that time. Aeeording to the 
engineer, neither his elassroom training nor his qualifieation rides ineluded the aetivation of the 
overspeed alarm. 

Amtrak’s road foreman of engines OJT indieated that the eontrols for the Charger 
loeomotive were like other loeomotives. He added that the overall eab environment would feel 
new to the operating erews. He suggested that the sereen displays were different and switehes, 
sueh as the alerter reset button, were not the same. 

A BLET loeal ehairman told investigators that some engineers felt they were given 
adequate amount of time training on the Charger loeomotive, while others believed they eould 
have benefited from additional time. The loeal ehairman told the engineers that those who felt they 
needed additional training should have requested it, and he was eonfident that Amtrak would have 
provided the additional training. However, he was not aware of any engineer asking for additional 
training. 


The engineer operated the Charger loeomotive on some, but not all, of his qualifieation 
rides. The engineer told investigators, “1 wouldn’t have run the [Charger] loeomotive if 1 didn’t 
feel eomfortable with it.” 

The engineer stated that he had about 60 seeonds to familiarize him self before departing. 
The train 501 engineer told investigators that during his aeeident trip he felt eomfortable operating 
the Charger loeomotive and was getting a feel for the gauges and an understanding where to look. 
He believed that he was foeusing on the gauges more often than on a loeomotive that he was more 
familiar operating. He was aware of blind spots in the periphery of the eab but did not need to 
ehange his operating strategy beeause of them 

As noted earlier in the aeeident narrative, the loeomotive overspeed alarm was aetivated 
approaehing the aeeident eurve. The alarm was triggered when the loeomotive exeeeded 82 mph 
and not for the upeoming speed restrietion at the eurve. The engineer said he was familiar with 


19 




NTSB 


Railroad Accident Report 


overspeed alarms on other loeomotives but had not experieneed one (either the visual or audio 
eomponent) on the Charger loeomotive until the aeeident trip. His first indieations were the series 
of beeps and the illuminated lights emanating Ifom the eontrol panel at 7:3320, about 27 seeonds 
before the derailment. However, he did not know their meaning. He told investigators, “some of 
our loeomotives will go into penalty without an alarm and other loeomotives will give an alarm 
before going into a penalty, and 1 wasn’t sure what it was.”^"^ After not seeing any penalty lights, 
he aseertained that “1 wasn’t in penalty, that it was just a warning, so 1 released the brake.” (Event 
reeorder data does not indieate that he had released the brake belbre the train derailed). 

1.8.6 Crew Responsibilities 

An Amtrak road foreman told investigators that the qualifying conduetor is, “basieally part 
of the erew... They’re supposed to be ealling out signals together, any restrietions” and ean help 
with radio eommunieations.^^ 

After departing the Seattle station, the engineer and qualifying eonduetor ealled out some 
of the waj^ide signals. The qualifying eonduetor told investigators that the engineer’s 
responsibility was to eall the signals by radio to the eonduetor baek in the passenger railears, and 
that those two agree with the eurrent signal 

The engineer told investigators that he had no expeetations that the qualifying eonduetor 
would help him with train operations, ineluding beating wayside signs, during their trip sinee the 
qualifying eonduetor had not previously traveled over the Lakewood Subdivision. The qualifying 
eonduetor also told investigators about his expeetations of his role on this trip while he was 
qualifying on the territory. He stated: 

As a qualifying employee, learning the physieal eharaeteristies of the territory... 

you have no involvement with the operation of the train... just strietfy observation 

first and foremost beeause you’re learning the route. That’s the whole purpose of 

you being there. 

1.9 Damages Estimates 

Sound Transit estimated the initial total traek struetural damages at $125,000. The damage 
to the bridge over 1-5 was estimated at $225,000. In addition, repairs to a retaining wall and 
drainage eost $85,000. 

The information in table 2 is the damage estimate for train 501. It was provided by Amtrak. 


When a loconx)tive “goes into a penalty,” the air brakes are automatically applied with either a service or 
emergency application, and the power is reduced to idle. The only response available to the engineer is to wait for the 
train to stop and reset the system The FRA indicated that they had tested some other locomotives and they all gave 
an overspeed audible alarm warning. 

The duties of the crewmembers are covered in the Operating Rules, Special Instructions, and the General 

Order. 
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Table 2. Train 501 damage estimate. 


1 Equipment 

Ownership 

Disposition 

Damage Estimate 

WDTX 1402 

State of Washington 

Total loss 

$7,237,000.00 

AMTK 7903 

State of Washington 

Total loss 

$2,712,000.00 

AMTK 7454 

State of Washington 

Total loss 

$1,298,000.00 

AMTK 7554 

State of Washington 

Total loss 

$1,298,000.00 

AMTK 7804 

State of Washington 

Total loss 

$2,005,000.00 

AMTK 7303 

Amtrak 

Total loss 

$2,005,000.00 

AMTK 7504 

State of Washington 

Total loss 

$1,298,000.00 

AMTK 7424 

State of Washington 

Total loss 

$1,298,000.00 

AMTK 7423 

State of Washington 

Total loss 

$1,298,000.00 

AMTK 7422 

State of Washington 

Total loss 

$1,298,000.00 

AMTK 7421 

State of Washington 


$1,298,000.00 

AMTK 7420 

State of Washington 


$1,298,000.00 

AMTK 7102 

State of Washington 

Total loss 

$1,062,000.00 

AMTK 181 

Amtrak 

Undamaged 

$0.00 





TOTAL 



$25,405,000.00 


1.10 Equipment Information 

All railears in this report will be identified by their equipment number followed by a 
number that represents their position in the train, sueh as AMTK 7903 (2). Train 501 was 649-feet 
long and weighed 920,000 pounds. The P-42 loeomotive on the rear of the train and the bistro 
railear AMTK 7303(6) were owned by Amtrak. The Charger loeomotive and the rest of the Mt. 
Adams trainset were owned by the Washington State Department of Transportation (WSDOT) and 
operated by Amtrak under eontraet agreements. (See table 3.) 

Table 3. Train 501 equipment information. 


Sequence 

Car type 

Road number 

Weight(lbs.) 

Length 

(feet) 

1 

Locomotive 

WDTX 1402 


71.5 

2 

Power 

AMTK 7903 


38.7 

3 

Passenger, business class 

AMTK 7454 


43.1 

4 

Passenger, business class ADA 

AMTK 7554 


43.1 

5 

Passenger, dining 

AMTK 7804 

27,780 

43.1 

6 

Passenger, bistro 

AMTK 7303 

31,090 

43.1 

7 

Passenger, coach class ADA 

AMTK 7504 

31,090 

43.1 

8 

Passenger, coach class 

AMTK 7424 

31,090 

43.1 

9 

Passenger, coach class 

AMTK 7423 


43.1 

10 

Passenger, coach class 

AMTK 7422 


43.1 

11 

Passenger, coach class 

AMTK 7421 

31,090 

43.1 

12 

Passenger, coach class 

AMTK 7420 

31,090 

43.1 
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Sequence 

Car type 

Road number 

Weight(lbs.) 

Length 

(feet) 

w^m 

Baggage 

AMTK 7102 

39,690 

38.7 


Locomotive 

AMTK 181 

268,000 

69.0 

Totals 

922,620 

648.9 


1.10.1 Lead Locomotive WDTX 1402 (1) 

This Siemens Charger passenger loeomotive (SC44) is a 4,400 horsepower diesel-eleetrie 
alternating eurrent (AC) loeomotive manufaetured by Siemens Mobility in Saeramento, California. 
WDTX 1402 (1) was released from the Siemens Mobility faetory on Mareh 30,2017. WDTX 1402 
(1) underwent final aeeeptanee byAmtrak, WSDOT, and Siemens for use as a lead loeomotive in 
revenue serviee on November 17, 2017. WDTX 1402 (1) was first used in revenue serviee on 
Deeember 10, 2017, and operated on five revenue trains until the ineident. 

1.10.2 Passenger Equipment 

The Talgo Series Vt trainsets were manufaetured by Talgo for Amtrak and WSDOT 
between 1996 and 1998. This trainset was built in 1998. One 12-unit trainset and four 13-unit 
trainsets were produeed, four of whieh were put into serviee on the Caseades line between 
Vaneouver, British Columbia, and Eugene, Oregon, with major stops in Seattle, Washington, and 
Portland, Oregon, starting in 1998. A fifth trainset was originally slated for Amtrak serviee 
between Los Angeles, California, and Las Vegas, Nevada, but was eventually purehased by 
WSDOT and was the aeeident train’s equipment. 

The semipermanently eoupled eonfiguration of the trainset requires a long laeility to be 
able to efieetively serviee the railears without uneoupling them A speeial faeility owned by 
Amtrak was buitt in Seattle to maintain the Talgo trainsets, with maintenanee work eompleted by 
Amtrak agreement labor under Talgo supervision. 

1.10.3 Rear Locomotive AMTK 181 (14) 

AMTK 181 (14) is a P42-8 Genesis loeomotive manufaetured by General Eleetrie in 2001. 
Amtrak owns, operates, and maintains a fleet of 191 P42 diesel loeomotives and 13 identieal P40 
loeomotives for use aeross the nationwide network in both regional and long-distanee serviees. 

1.10.4 Predeparture Inspections 

On Deeember 18, 2017, Amtrak qualified inspeetors eondueted an air brake test with no 
exeeptions and a pretrip inspeetion on the entire traia^^ 

Train SOl’s eonsist originated at the Amtrak Holgate Street yard and daily inspeetions were 
eompleted on both loeomotives with no exeeptions. However, while Amtrak meehanieal personnel 
performed a sequenee test to property set up the loeomotives in the eonsist, a minor eleetrioal lault 


Having no exceptions, is equivalent to having no problems. 
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oceurred that was eorreeted by meehanieal personnel. Train 501 departed safely after ineurring a 
9-minute delay. (This was the cause of delay mentioned in section 1.2 of this report.) 

1.10.5 Locomotive Postaccident Inspections 

OnFebruary 23-24,2018, WDTX 1402 (1) was examined. With the extensive damage, an 
auxiliary air compressor had to be conneeted to the locomotive. When tested, the brakes applied 
and released properly on the loeomotive from both service and emergency applications. 

On January 31, 2018, locomotive AMTX 181 (14) was static tested with an exemplar 
locomotive WDTX 1401 at the Amtrak Seattle maintenance lacility. The control cable was 
conneeted between the two locomotives. The control cable circuitry was checked and locomotive 
AMTX 181 (14) ftinetioned as designed with no failures. 

1.11 Crashworthiness and Derailment Description 

1.11.1 Talgo Railcar Design 

The Talgo passenger equipment has a unique design, different from conventional United 
States passenger equipment. (See figure 5.) Several referenees are made to speeifie nomenelatures. 
The illustrations below serve as a key to those railear parts and stmctures. 



Figure 5. Side view of the Talgo trainset. 

The Talgo Series Vt trainset is designed with one rolling assembfy located between each 
railcar, except for the baggage car (in the rear) whieh has two. Except for the baggage car, the 
railcars, when joined together to form the trainset, include one rolling assembly attached to the end 
of a railear, refereneed as the supported end, and a support stmeture installed on the end of the 
joining railear, refereneed as the suspended end. The suspended end of the railear is attached to 
the end wall of the supported end of the railear. The accident train was configured to have the 
supported end of each railcar oriented south or leading in the direction of travel Front and rear 
orientations are established as follows: the supported ends will be referred to as the front or the 
leading end of the railcar. The suspended end will be referred to as the rear or trailing end. (See 
figure 6.) 
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Figure 6. Talgo passenger railcar. 

The supported end of the railcar, shown in figure 7, consists of the rolling assembly (shown 
in grey), the tower assembly (green), and the air spring suspension (blue). In this report, we refer 
to the complete system as the rolling assembly. 



Figure 7. Supported end of Talgo railcar. 
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The rolling assembfy is attached to the two adjaeent railears through an upper and lower 
steering link. The rolling assembly retention system inehides primary retention cables, tower straps 
(red), and lower retention straps. In figure 8, to the left, the steering links are shown in yellow. In 
ftgure 8 to the right, the primary retention eable is shown in green, the tower strap is shown in red, 
and the lower retention straps are shown in orange. 

Two weight bearer bars shown in red in figure 8 are attaehed to the supported end at the 
top near the air suspension and are joined at the bottom of the suspended end. The weight bearer 
system supports the vertical loads between each railcar. 



Figure 8. Rolling assembly cutaway and its side view. 

The suspended end of a railear eonsists of the weight bearer bars (two) shown in red in 
figure 8. These bars are attached through bolted connections to the supported railcar. The upper 
and lower guidanee arms are shown in yellow in figure 8. As discussed previously, the guidanee 
arms serve as the primary attachment of the rolling assembfy to the railear bodies. 

The rail ear-to-ear eonneetion or artieulated eonneetion (shown in figure 9) consists of two 
fixtures, eaeh one attaehed to the railear’s strueture, a shank that joins them together, some stops 
(bufiers) whieh are mounted on lateral supports to transmit the lateral forees, and a rubber plate 
which provides it with a certain elastieity when it transmits compressive forees. 
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Illustration of interior components of Illustration of articulated connection 

articulated connection 


Figure 9. Articulated connections. The image on the right side is mirrored. 

The design of articulated conneetions and railears supported from an overhead support 
(tower assemblies) allows the railears to swing like a eloek pendulum The railears will swing 
when eneounteiing a curve with super elevation.^^ This passive movement shifts the center of 
gravity further towards the inside of a curve allowing Talgo equipment higher speeds on curves 
eompared to traditional passenger equipment. Beeause of this difterenee, there were three 
designations of speeds in Sound Transit’s timetable. One was for freight trains, a second was for 
traditional passenger trains, and a third was for the Talgo trainsets. 


A super elevated curve is maintained with the outside rail of the curve higher than the inside rail like a banked 
race track. This realigns the center of gravity of the vehicle to the inside of the curve to offset the centrifugal forces to 
the outside of the curve and allows for greater speeds through the curve. 
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1.11.2 Derailment Description 



1402(1) 7903(2) 7454(3) 7554(4) 7804(5) 7303(6) 


7504(7) 7424(8) 7423(9) 7422(10) 7421(11) 


7420(12) 7102(13) 


The resting loeation of train 501 following the derailment is shown in figure 10. The 
loeomotives, passenger railears, and detaehed rolling assemblies are labeled and will be diseussed 
individually. 


Legend 

Leading end [car orientation] Traiiingend 


CarNft I Rolling assembly car No. Rolling assembly 

detached partially detached 


Car No. " Rolling assembly 
•« detached under 

bridge 




WDTX 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


AMTK 


Amtrak train 501 configuration 


Figure 10. Overhead with railcar positions labeled. Railcar 7421 was on top of railcar 7424, 
which is faded because it was under the overpass. (Photo provided by WSP.) 

The locomotive derailed on the high side of the eurve to the right and traveled through the 
ballast, down the embankment through a wooded area, and eame to rest at about highway mile 
marker 116.6 on the southbound lanes of 1-5. It came to rest upright in the original direction of 
travel, however, the damage on the right side of the loeomotive was consistent with it being on its 
side at some point during the derailment. 

The lead locomotive detaehed from the power railear, AMTK 7903 (2).^^ The power railear 
and passenger railears, AMTK 7454 (3), 7554 (4), 7804 (5), 7303 (6), followed a similar trajectory 
as the lead loeomotive and came to rest in the wooded area. AMTK 7903 (2) came to rest partially 
on the interstate and rotated eloekwise about 90° from its original direetion of travel and onto its 
lefi; side. Passenger railcars AMTK 7454 (3), 7554 (4), 7804 (5) and 7303 (6) remained coupled 
and upright. Passenger railear AMTK 7504 (7) rotated 180° Ifom its original direetion of travel 
and came to rest with its rear left side on top of the AMTK 7554 (4) and its front left side leaning 
against AMTK 7804 (5). 


The power car on this Talgo trains et provides power for lighting, convenienceoutlets,doors,and othersystems 
that are not housed in the other individual cars. The power car does not provide traction power and is not intended to 
control the train. It resides at the front of the trainset, and is not intended to carry passengers. 
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The power railear, AMTK 7903 (2), followed a similar trajeetory as WDTX 1402 (1) 
through the woods. It traveled about 341 feet from the point of derailment (POD). The mechanical 
coupler between the power railear and the loeomotive fraetured. (The Talgo consist is equipped 
with a standard AAR “H” tightlock coupler at each end, to allow coupling to a locomotive at each 
end.) AMTK 7903 (2) came to rest on its left side, rotated about 90° from its original direetion of 
travel. AMTK 7903’s (2) rear end strueture abutted the front of AMTK 7454 (3) and witness 
indications were consistent with a collision with the orange trailer of a traetor and semitrailer 
(semitruek) that was traveling southbound on 1-5. 

AMTK 7454 (3) followed a similar trajeetory as AMTK 7903 (2). The cloekwise rotation 
of AMTK 7903 (2) pushed AMTK 7454 (3) in a countercloekwise rotation about 37° from its 
original direction of travel. It came to rest on the interstate about 314 feet from the POD. The 
articulated conneetion of AMTK 7454 (3) and AMTK 7554 (4) remained intact. Impact indications 
were observed between the end wall structure of AMTK 7554 (4) and AMTK 7454 (3). Further 
details of the artieulated coupler connections can be found in seetion 2.6 of this report. The rolling 
assembly from AMTK 7454 (3) separated from its attachments, however, the assembly remained 
near the supported end of this railear. (See ftgure 11.) 



Figure 11. Detached rolling assemblyfrom AMTK 7454 (3). (Photo provided by WSP.) 
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AMTK 7424 (8) traversed along the east (left) side of the traek down the embankment and 
onto the highway coming to rest under the bridge overpass on its roof with its lead-end lacing 
north. AMTK 7423 (9) and 7422 (10) came to rest on the bridge oriented laterally aeross the traek. 
AMTK 7423 (9) was rotated about 50° eountercloekwise to the track. AMTK 7422 (10) rotated 
about 120° eloekwise to the traek with the leading end of the railear’s left comer extending over 
the embankment. 

Six artieulated eonneetions tailed (the prineipal conneetions responsible for eonneeting the 
Talgo railears together). These conneetions will be discussed in section 2.6 of this report. 

Five rolling assemblies from the Talgo passenger railears firlly detached during the 
derailment and one partially detached. One of the fully detached rolling assemblies eoUided with 
passenger railear, AMTK 7504 (7), in which three passengers were killed. (See figure 12.) 



Figure 12. Detached rolling assembly tower partially inside AMTK 7504(7). 

Rolling assembKes are loeated at the leading end (oriented relative to the direction of travel) 
of the 12 semipermanently coupled railears. The rolling assembly from AMTK 7424 (8) was 
located underneath the bridge next to the left guardrail on the south lanes of 1-5. The rolling 
assembly from AMTK 7421 (11) was loeated behind a Ford piekup truck on the south lanes of 1-5. 
(See figure 13.) 
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Figure 13. AMTK 7421 (11) resting on AMTK 7424 (8). (Photo provided by WSP.) 

As the lead loeomotive and the first six passenger railears of the train derailed to the right 
of the main track and down the embankment, the artieulated conneetion between AMTK 7504 (7) 
and AMTK 7424 (8) fractured. AMTK 7504’s (7) artieulated coupler conneetion with AMTK 
7303 (6), was also Iraetured. 

The railcars trailing be hin d AMTK 7422 (10) then traveled to the left of the main track. In 
the aerial photograph visible marks in the ballast and soil show the path of travel of the separated 
train. (See figure 14.) 
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Figure 14. Derailing path of travel of Amtrak 501. (Photo provided by WSP.) 

The lead loeomotive, WDTX 1402 (1), reeeived impacts to the front top section of the eab. 
The cab roof deformed into the operator’s compartment about 13 inches. The roof panels sheared 
off, exposing the machine room compartments. The right side of the loeomotive exhibited 
horizontal serape marks along its frill length and mud, dirt, wood, and rooks were lodged into the 
side panels, consistent with the loeomotive proceeding through the woods on its side. The 
locomotive came to rest about 457 feet from the POD, on the interstate, upright and forward faoing, 
indioating it righted itself as it moved through the wooded area, impaoting the adjaoent trees and 
passing through the highway guardrail, whioh was boated beneath the loeomotive. (See figure 15.) 


Derailing 
path of travel 


Derailing 
path of travel 


Derailing 
path of travel 


Derailing 
path of travel 


Derailing 
path of travel 


Derailing 
path of travel 
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Figure 15. WDTX1402 (1) postderailment position. 

During interviews with highway vehiele operators, a driver of a white Toyota RAV4 said 
she was traveling southbound in the right lane when her vehiele was struek from behind by the 
locomotive. The vehiele came to rest on the left side of the roadway, facing north in the southbound 
lane. (See ftgure 16.) 
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Figure 16. Highway vehicle struck by lead locomotive. (Photo provided by driver.) 
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1.11.3 Locomotive Crashworthiness Requirements 

Locomotive crashworthiness requirements in the United States are governed by FRA 
regulations and AAR standards. The FRA regulations are outlined in Title 49 Code of Federal 
Regulations (CFR) Part 229, Subpart D, “Railroad Loeomotive Safety Standards” and, 49 CFR 
Part 238, Subpart C, “Passenger Equipment Safety Standards.” The following AAR standards are 
ineorporated by referenee; AAR S-580, AAR Manual of Standards and Reeommended Practiees, 
Seetion M, Locomotives and Loeomotive Interehange Equipment, Standard S-580, Eoeomotive 
Crashwort hin ess Requirements and AAR S-5506, AAR Manual of Standards and Recommended 
Practices, Seetion M, Locomotives and Locomotive Interehange Equipment, Standard S-5506, 
Performance Requirements for Diesel Eleetric Eoeomotive Euel Tanks. The Siemens locomotive 
was designed to meet all United States requirements. (See figure 17.) 



Corner Posts 


Collision Posts 


End Nose Plate 


Anti-Climber 


Push-Back-Coupler 


Coupler Carrier and 
obstacle deflector 


Figure 17. Siemens Charger locomotive crashworthiness features. 

1.11.4 Postaccident Observations and Inspections 

As a result of the derailment, there were some loealized deformations at the Ifont of the 
operating cab above the comer and collision posts. The operating cab windshield was destroyed; 
however, the la min ated safety glass feature prevented the shattered glass from separating into 
pieces. The right side of the locomotive exhibited nonstmetural compromised sidewall damage 
eonsistent with the loeomotive being on its side. Abrasions were visible along the entire length, 
from the side sill (lower portion along the floor line) to the roof The rear-end wall stmeture was 
severely loaded during the derailment and was separated from the right-side wall conneetions. The 
left-side conneetions remained intact. Damage along the left side was minimal. The roof panels 
(three total) were severed from their conneetions. (See figure 18.) 
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Figure 18. Damage to WDTX1402 (1). 

The damaged equipment was stored at the nearby military base, Joint Base Lewis-McChord 
(JBLM). Under the direetion of the NTSB, Siemen’s engineers examined the loeomotive in 
January 2018. They reported there were no visual separations of the comer and collision posts, or 
visual separations ormptures of the welded seams. Both side entry doors of the engineer’s cab and 
the machine room access door were operable. The underframe was locally delbrmed, but the 
stmetural eondition was intact. The crash energy management (CEM) features in the front and rear 
coupler was not activated. Both tmcks and their retention meehanisms remained intact and 
attached to the loeomotive. The fuel tank and the fuel tank inlet were not compromised because of 
this derailment. 

1.11.5 United States Passenger Railcar Crashworthiness Standards 

At the time the Talgo railcars were delivered to WSDOT, passenger railcar crashworthiness 
requirements were limited to a statie end strength of 800,000 pounds. The requirements were 
prescribed in AAR Standard S-034-69, Specilieation for the Constmetion of New Passenger 
Equipment Cars, published in 1969. Seetion 6, paragraph (a), of the specification required that the 
railcar stmcture shall resist a minim um static end load of 800,000 pounds at the rear draft stops 
ahead of the bolster on the center line of draft, without developing any permanent deformation in 
any member of the railear stmeture. The static end-strength requirement was based on 
longstanding practice and originated in specifieations for United States Railway Post Office (RPO) 
railears in the 1940s (Tyrell, 2001) (Blaine, 1979). Numbers of earlier RPO railears, whieh were 
built to lower static end strength requirements, were crushed in train collisions. During a collision. 
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substantial eompressive loads would be applied to sueh railears. For railears not built to the 
800,000 pounds statie end strength requirement, the results eould be eatastrophie, with struetural 
eoUapse of the railears and many postal workers killed. The introduetion of railears that met the 
800,000 pounds statie end strength requirement elfeetively eliminated this type of eomplete 
structural collapse. 

On May 12,1999, the FRA published a final rule, 49 CFR Part 238, “Passenger Equipment 
Safety Standards.” In the seetion “Struetural Standards for Existing Equipment,” the final mle 
requires that all passenger equipment (other than loeomotives that eompfy with an alternative 
standard as speeified; private railears; unoeeupied vehieles operating at the rear of a passenger 
train; or equipment used in noneommingled serviee, as diseussed below) in use on or after 
November 8, 1999, have a min imum statie end strength of 800,000 pounds as speeified in 49 CFR 
238.203. 

In addition to the statie end strength requirement, requirements in the 1999 final rule for 
passenger railear strength inetuded; (summarized) 

• Antielimbing meehanism at the forward and rear ends eapable of resisting an 
upward or downward vertieal foree of 100,000 pounds without lailure 

• Link between eoupling meehanism and ear-body sueh that equipment shall have 
a eoupler earrier at eaeh end designed to resist a downward thrust from the 
eoupler shank of 100,000 pounds for any normal horizontal position of the 
eoupler without permanent deformation 

• Two full height eoUision posts having an ultimate shear strength not less than 
300,000 pounds at a point even with the top of the underframe member to whieh 
it is attaehed 

• Two full height eomer posts eapable of resisting a horizontal load of 
150,000 pounds at the point of attaehment to the underframe without failure 

• Truek-to-ear-body attaehments shall have a truek-to-ear-body attaehment with 
an ultimate strength sufiieient to resist, without failure, the following 
individually applied loads: 2 g-foree [gravitational foree] vertieally on the mass 
of the truek; and 250,000 pounds in any horizontal direetion on the tmek, along 
with the resulting vertieal reaetion to this load 

1.11.6 Talgo Crashworthiness Design 

The Talgo passenger trainset was originally designed to meet the International Union of 
Railways (UIC) design eodes (also known as leaflets). The eodes inelude several design standards 
mueh like the AAR design standards in the United States. Speeifie to the eonstruetion of the railear 
body, the Talgo passenger railears were designed to meet the UtC-566, Loadings of Coaeh Bodies 
and their eomponents, revision January 1990. 
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Aeeording to UIC-566, the body of the passenger railear eomprises the underframe, the 
side walls, the end walls, and the roof whieh form a tubular beam The prineipal design 
eharaeteristies of the railear whieh are, aeeording to the leaflet, obligatory provisions, are as 
follows: 


The end walls, strengthened by antieollision pillars, shall be so joined to the 
headstoeks, eant-rail and roof that the maximum amount of energy is absorbed first 
by deformation of the end wall seetion before the passenger eompartments are 
deformed. 

The eoaeh body, in running order and mounted on the bogies [truek or rolling 
assembly], shall be designed that under all eonditions, its natural frequeneies differ 
from the hunting and pitehing frequeneies of the bogie, so that no resonanee oeeurs 
throughout its speed range. 

The railear body shall be designed to withstand a 2000kN [449,617 pounds, less 
than United States standards] statie eompressive loads at the bufier or eoupler level 
without permanent deformation. UlC-566 does not preseribe a struetural strength 
requirement for antieollision pillars at the railear ends. 

Additional requirements in UIC-566 inetude the strength of the eomponent parts mounted 
on eoaehes and the loads developed resulting from buffing impaet (eoUisions). Mounted 
eomponent parts shall be designed to resist the following gravitational forees (g):^° 

• Longitudinally: 5g 

• Transversely: Ig 

• Vertieally: (e)g (inetuding gravity), where e = 3 at the end of the eoaeh, Ming linearly 
to 1.5 at the eoaeh eenter 

For the end railear, the power railear and the baggage railear, Talgo designed these to be 
more restrietive than the requirements in UtC-566. (See table 4.) 

Table 4. UIC-566 compared with Talgo end car design load cases. 


1 Loadcase 

Talgo requirement 

UIC-566 

Longitudinal 

6g 

5g 

Lateral 

3g 

ig 

Vertical 

3q 

c 

Main attachments loading cases. 


(a) 5og/e refers to the wheel-axle-ftame assembly undereach end of a car or locomotive, (b) Natural frequency 
in this context refers to a frequency at which an object(s) will vibrate at a specific rate called the object's natural, or 
resonant, frequency. Such an object(s)if notproperly designed will vibrate strongly when it is subjected to vibrations 
at a frequency equal to or very close to its natural frequency potentially impacting ride quality and in severe cases can 
cause derailment. 

Gravitationalforce refers to the force of gravity orthe force of acceleration. It is measured in g’s, where 1 g is 
equal to the force of gravity at the Earth’s surface. 
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Aeeording to Talgo, no specifie requirements are preserved in UIC-566 for retention of 
rolling assemblies. 

1.11.6.1 Grandfathering Talgo Passenger Railcars 

Beeause of the enaetment of FRA’s 1999 fin al rule, Amtrak, by letter dated October 18, 
1999, petitioned the FRA pursuant to 49 CFR 238.203(d) to grandfather or permit the use of Talgo 
articulated trainsets on three corridors: the Pacilie Northwest corridor between Eugene, Oregon, 
and Blane, Washington, via Portland and Seattle, the Southern California eorridor between San 
Luis Obispo and San Diego via Los Angeles; and the eorridor between Los Angeles and Las Vegas, 
Nevada. ERA approval was required beeause the trainsets did not meet the required eompressive 
strength of 800,000 pounds applied at the eoupler faces without permanent deformation of the 
body stmeture. 

Title 49 CFR 238.203(d), “Grandfathering of non-eompliant equipment for use on a 
specified rail line or line,” provides a provision for a railroad to petition the ERA to permit the use 
of rail equipment not meeting the then-newly published requirement(s). The petitions submitted 
were required to include (summarized): detailed drawings and material specifieations, engineering 
analysis suffieient to deseribe the performanee of the statie end strength and its performanee in a 
collision, risk mitigation efforts employed in conneetion with the use of the equipment and a 
quantitative risk assessment demonstrating the use of the equipment in the service environment, is 
in the public interest and is consistent with railroad safety. 

The ERA reeeived a substantial number of filings for this petition, and several were quite 
extensive. A pub lie hearing was held on July 21, 2000, at which testimony was received from 
Amtrak, WSDOT, Talgo, the National Association of Railroad Passengers, the Ameiiean Public 
Transportation Association, and Bombardier. The ERA eonsidered the pub lie comments in 
reaching their preliminary deeision in September 2000 and subsequently authorized the use of 
Talgo Series Vf subjeet to eertain eonditions. 

The following is a summary of select conditions required: 

• The railears must be modified to inerease the strength of the weight bearing 
bars (two per railcar) and their related supports to the railcar structure, to 
withstand, at a minimum, a 100,000-pound vertical load, applied either up or 
down 

• The railears must be modified by apptying safety eables between the railears 
and bogies to resist a minim um total longitudinal foree of 77,162 pounds to 
resist separation of the railear-bodies and rolling assemblies 

• The railears must be modified by applying safety cables around the top of each 
suspension column, affixed to the upper stmeture of the railcars to resist the 
applieation of a nominal 250,000-pound foree, applied at the eenter of gravity 
of the rolling assembly 


See the FRA public docket at https ://www.regulations.gov/docket?D=FRA-1999-64Q4 . 
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• Amtrak must operate the railears in dedieated trainsets as proposed in their 
submission. When operating in revenue or deadhead serviee, the baggage and 
power railears shall beplaeed at the ends of the remaining railears in the trainset 
and must not be oeeupied by passengers or erew 

• The trainsets may be operated in either loeomotive-hauled or push-pull serviee. 

In loeomotive-hauled serviee, the trainset may be followed by a 
loeomotive-type eab eontrol railear (sueh as depowered F40) at Amtrak’s 
eleetion. In push-pull serviee, revenue and deadhead trains must be operated 
with a loeomotive or loeomotive-type eab eontrol railear on both ends. In either 
loeomotive-hauled or push-pull serviee, additional equipment in the train 
eonsist (sueh as passenger railears, freight railears, materials handling railears, 
and bimodal equipment) is prohibited 

• Maximum operating speed is 79 mph 

• Amtrak must prepare an engineering anafysis reviewing the design and 
seeurement of the steel stmeture afiixed to the power railear and the baggage 
railear that eontains the draft gear and eoUision posts 

In making its final deeision, the FRA established that they [FRA] must determine if in the 
eontext of a partieular rail operation, the absenee of otherwise eompressive end strength eauses the 
equipment to fall short of the perlbrmanee expeeted of equipment having the otherwise required 
strength, so that its use was eonsistent with railroad safety. Aeeording to the FRA, the eentral 
purpose of biftf strength is to ensure adequate eompatibility among units of rolling stoek used on 
the general railroad system with respeet to eoUision risk. In making its final deeision, the FRA 
reviewed the petition and all available information related to the eonstmetion of the Talgo trainsets, 
ineluding (summarized): 

• Results of finite element analysis provided to Amtrak by Talgo 

• A one-dimensional lumped mass analysis eonducted by LTK Engineering for 
Amtrak 

• Photographs of aeeidents in Europe involving equipment of similar 
eonstruetion 

• Publie eomments 

In addition to the relevant information above, the FRA also eonsidered (summarized): 

• A risk assessment eompleted for Amtrak by Arthur D. Little Ine. (ADL). The 
risk assessment evaluated the impaet of using Talgo trainsets in the Paeifie 
northwest 

• A crashwort hin ess evaluation of the Talgo Series Vt eompleted by the John A. 

Volpe National Transportation Systems Center (Volpe) 
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• An FRA engineering statF inspeetion of Talgo equipment and review of 
operational issues that would have arisen sinee the introduetion of the 
equipment 

• Additional risk assessments by ADL 

Overall, the FRA eoneluded that the engineering and other anaty^sis provided assuranees 
that the Talgo equipment eould be expeeted to operate safety on the basis of moderate energy 
events (50 mph or less) whieh would present a higher probability of oeeurrenee than more severe 
events. 


In its doeket, the FRA expressed eoneem regarding the expeeted perlbrmanee of the Talgo 
equipment in higher energy events. The FRA stated that atelosing speeds (referring to eoUisions), 
the Talgo train was expeeted to experienee a greater lateral displaeement than eonventional 
equipment, and artieulated eonneetions were expeeted to fai Thus, in eoUisions greater than 25 
mph, the foRowing dangers eould arise (summarized): 

• With failure of the artieulated eonneetors that suspend the railear bodies, in the 
absenee of eompressive forees, the Ught raUear bodies would be free to faU to 
the traek stmeture or surrounding terrain with unknown results. (Conventional 
raUears are supported by tmeks designed to remain attaehed exeept under very 
unfavorable eireumstanees) 

• Comparatively greater lateral displaeement of the passenger u nits would ereate 
a greater hazard of seeondary eoUisions (sueh as by IbuUng an adjaeent main 
Une or impaeting with a bridge stmeture or abutment) 

In summary, the FRA determined that there was suffieient information submitted to 
estabUsh that the live Talgo Series Vt trainsets eould be operated eonsistent with raUroad safety in 
the Paeilie Northwest Corridor at speeds up to 79 mph subjeet to speeifie eonditions tied to the 
review and approval of the train eontrol system 

Amtrak and Volpe had provided and developed information to eharaeterize the 
erashworthiness of the trainsets under the eonditions speeified. However, given the uneertainty 
related to the erash analysis, risk assessment, and other issues diseussed above, the FRA 
determined that the eonditions attaehed to their approval would beneeessary to seeure a reasonable 
level of eonfrdenee sueh that safety would not be eompromised. 

Final approval was granted by the FRA on Mareh 27, 2009, for the operation of 67 Talgo 
Series VI railears (five trainsets) having met the eonditions diseussed above along with 
(summarized): 

• Restrieted to operations between Eugene, Oregon, and the United 
States/Canadian border near Blaine, Washington, and the route between Los 
Angeles, CaUfornia, and Las Vegas, Nevada 

• Operations on the Paeilie Northwest Corridor are authorized, eonsistent with 
other raUroad safety regulations (ineluding, for example, 49 CF7?213.345) only 
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upon aeoeptanee by the assoeiate administrator for railroad safety/ehief safety 
offieer of plans for, and installation olj a train eontrol system meeting the 
requirements of 49 CFR Part 236 

1.11.7 Test and Research 

A seleetion of intaet safety straps from the aeeident trainset and from an exemplar trainset 
were retained by the NTSB Materials Laboratory for further examination and meehanieal testing. 
Tests to determine the tensile breaking strength for eaeh of the submitted straps were eompleted. 
Results of the testing, doeumented in Materials Laboratory Faetual Report 18-042, showed the 
straps fraetured at loads that were about 10 to 50 pereent of the breaking strength of 38,500 pounds. 
(See seetion 2.6 in this report for further diseussioa) Full results of the testing are doeumented in 
Materials Laboratory Faetual Report 18-042. 

1.11.8 VancouverTalgo Derailment 

While investigating the DuPont aeeident, investigators beeame aware of a Talgo Series VI 
trainset derailment that oeeurred with Amtrak Train 516 in Vaneouver, British Columbia, on 
Deeember 17, 2018.^^ The derailment oeeurred at the Canadian National Railway Company (CN) 
Yard atMP 130.8, Yale Subdivision, about 1 mile south of the Vaneouver Paeilie Central Station. 
The train derailed while moving over a switeh, and two railears from the trainset stmek a nearby 
freight railear parked on an adjaeent traek. There were no injuries reported by erew or passengers, 
and aeeording to Amtrak, the train was moving at 3 mph. The NTSB traveled to Seattle, 
Washington, to examine the trainset after it was moved from Vaneouver. Two Talgo Series VI 
passenger railears exhibited sidewall damage eonsistent with a raking eoUision. One of the railears 
exhibited two tears in the sidewall near the side passenger door. The door was also damaged during 
the eoUision and was removed during the reeovery operation. The longest tear was measured to be 
about 4 feet in length oeeurring at the midpomt of the door, extending toward the passenger 
window. The other tear was measured at 18 inehes in length. The side of the raflear was abraded 
from being in eontaet with the freight railear. The height of the abrasion was measured at 3 8 inehes. 
The passenger door was found inside of the railear, plaeed there after the deraUment. The door’s 
window was broken, and the exterior aluminum eovering was tom and damaged. Based on all 
observations, there were no indieations passenger-oeeupied spaee was eompromised. The other 
passenger railear was abraded along its side waft without signifieant eompromise of the stmeture. 
There were two areas where the sidewall was tom and fraetured. One passenger window was 
broken, Ukely from eontaet with the freight raUear when it derafled. 


The trainset involved was known as the Mt. Olympus trainset, so designated with branding on the side of the 

train. 
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1.12 Survival Factors 

This seetion of the report focuses on the issues related to the survivability of the passengers 
and the train crew that were traveling in the locomotive and passenger railears, and the ability of 
the passengers and erew to safety evaeuate the railears. In this seetion, additional information 
regarding the passenger railcar interior design, safety features, and exits are examined. 

1.12.1 Locomotive Survival Factors 

Damage to the interior of the operating cab was constrained primarily to the leading end, 
most notably at and above the front glazing (windshield). The vertieal spaee of the eab interior was 
redueed to about 19 inehes between the operator’s desk and the ceiling, and to 66 inehes from the 
floor to the ceiling. The height above the seats was reduced to 66.5 inehes. All doors, both side 
doors, and the maehinery room access door, were fully frinetional after the aeeident. The cab 
ceiling emergeney exit hateh was dislodged from the vehiele. The hateh is comprised of two parts; 
the upper, or outer, part eame to rest in the wooded area between the track and the interstate, and 
the inner portion was inside the eab. Investigators estimated the loeomotive lost about 5 pereent 
of its oceupied volume in the cab. Figure 19 is a cutaway illustration of the locomotive cab showing 
the cab design and undertying stmcture and an interior photograph of the accident cab taken from 
the left side of the cab towards the engineer’s seat on the right. 



Illustration of locomotive cab design. Photograph of damaged locomotive cab. 


Figure 19. Pictures of the cab design and cab damage. (Photograph courtesy of Siemens.) 
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1.12.2 PassengerCar Survival Factors 

The exterior passenger door is 32-inohes wide and when opened, automatie retraetable 
steps extend to provide passengers with a means of stepping down from the train. These steps are 
loeated 16 inehes above the top of the rai Eaeh serviee railear is equipped with a hinged exterior 
aeeess door for serviee personnel. This serviee door has an opening of 31 inehes. 

Eaeh passenger railear and the bistro and dining railear are equipped with four emergeney 
windows whieh ean be aeeessed from the exterior by first responders or removed from the inside 
by passengers. These windows are eomprised of double-paned laminated safety glass and marked 
for emergeney egress. The remaining side windows are double-paned la min ated glass that eannot 
be used for emergeney egress. Window openings are about 53-inohes wide and 29-inehes tail 

The railears are equipped with an internal glass door fitted with tempered safety glass that 
is loeated at either end of the railear. The door is eleotrieally powered. When the eleetrieal power 
is removed, 20 pounds of foree is required to manually open the door. In addition, at eaeh end of 
the railear, a small hammer is provided for passengers to use to break the door glass in the event 
the door fails to open. 

The eoaehes are equipped with nine rows of double seats on eaeh side of the aisleway. The 
first three rows and last row of seats do not rotate. Tables are provided for the seats loeated at the 
one end of the railear. The business elass has eight rows of double seats on one side of the aisle 
and a single seat in the last row. In business elass, the first and last row of seats do not rotate. On 
the opposite side of the aisleway, there are nine rows of single seats. (See figures 20 and 21.) 
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Figure 20. Talgo coach class seating layout. 



Figure 21. Talgo business class seating layout. 

Both wheelchair-accessible railcars have a single seat with the adjacent space available for 
a wheelchair-bound passenger, five rows of double seats and a single seat in the last row on one 
side of the aisleway. The other side of the aisleway has a space designated for a wheelchair bound 
passenger, and five rows of single seats. Wheelchair accessible railcars have two wheelchair lifts 
mounted to the Ifame of the railcar adjacent to the two exterior loading doors. (See figures 22 and 
23.) 
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Figure 23. Business class Americans with Disabilities Act (ADA) layout. 

There are two nonrevenue railears, a dining railear and a bistro railear. The dining railcar 
has a capacity for 30 diners. There are ten tables present in this railear. Five of the tables will 
aceommodate four diners and the remaining five accommodate two diners each. The bistro railcar 
has a long counter-type surfece that permits seven passengers to sit on stools in a “bar-ltke” 
atmosphere. There are also two small tables loeated to the rear and opposite side of the railear. The 
bistro railcar also incorporates a kitchen area with a large sink, multiple ovens, and two work 
station tables. 
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1.12.3 Postaccident Observations of Passenger Raiicar Interiors 

Investigators examined and assessed passenger interior damage resulting from the 
derailment with an emphasis plaeed on the loss ofsurvivable oeeupant spaee and interior features 
that may have eontributed to survivability within the railear. The results of the observations are 
shown in table 5. 

Table 5. Postaccident observations of passenger railcar interiors. 


1 Car 

Interior Observations 

AMTK 7454 (3) 

Minor damage. Interiorintact. No loss ofsurvivable occupantspace. 

AMTK 7554 (4) 

Right side wheelchair lift was partially detached from railcar structure. Minor damage to 
left side wheelchair lift. Seat 4C on left side of railcar at point of deformation rotated 
towards aisleway. Ceiling panels displaced and deformation above Seat 4C. Glass 
divider for overhead luggage bin broken and found on floor. Minor damage to seat 
components (trays and cushions). No loss of occupantspace. 

AMTK 7804 (5) 

Rightside interior ceiling collapsed. Rightside tables and seats broken. Glass partitions 
between seating positions are broken on both sides of railcar. Seats shifted and 
deformed. Survivable occupantspace present. 

AMTK 7303 (6) 

Significant am cunts of dirt and debris found inside of railcar. Partial collapse of overhead 
ceiling. Front emergency window frame and railcar bowed inward on right side. Wall 
mounted cabinetand counterdisplaced. Extensive damage to seating area. Survivable 
occupantspace available. 

AMTK 7504(7) 

Extensive damage caused by separation of both wheelchair lifts from railcar body. 
Length of railcar shortened 4 feet, floor deformation at highest point 29.5 inches, roof 
collapse shortened height to 20 inches and compromised seats #17/18. Seat rotation, 
floor rise, and ceiling collapsed eliminated survival space except at seats #21,22 and 
25.60 percent of seats lostto crushing. 

AMTK 7424 (8) 

Roof and luggage rack collapse reducing overhead space. Survival occupantspace 
maintained atseats #21 through 33. 

AMTK 7423 (9) 

Lastthree rows of double seats rotated due to deformation to lowerrightsidewall. Right 
rear emergencywindow smashed due to impact with seat occupant. Rear glass partition 
behind last row of seats rightside broken. Survivable occupantspace available. 

AMTK 7422(10) 

Rightside on fourth row, double seat(#21/22) rotated. 

No loss ofsurvivable occupantspace. 

AMTK 7421 (11) 

Table located on rightside between firstand second row of double seats broken due ta 
penetration of railcar structure. Seat # 21/22 located four rows back on the rightside 
found rotated. No effect on available occupantspace. 

AMTK 7420(12) 

Minor damage. No loss ofsurvivable occupantspace. 


1.13 Injuries 

1.13.1 Locomotive 

The loeomotive engineer sustained blunt impaet trauma to the head, faeial fraetures from 
impaet with the interior struetures that eoUapsed due to the impaet with the trees and a fraetured 
right elbow from impaet with the eonsole. The qualifying eonduetor, who was riding in the 
loeomotive eab, sustained injuries to his lower extremities, baek and spinal injuries and blunt 
impaet trauma to his torso. 
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1.13.2 Passenger Railcars 

An assessment was eondueted to the interior eompartments based on the injuries sustained 
by the passengers and the damage to the railears. Investigators were able to obtain the majority of 
the medieal reeords for the injured passengers. Through interviews, the passengers provided their 
railear and seat loeations and an overview of the events that oeeurred in the passenger railears. Ten 
passengers were either My or partially ejeeted from the train during the derailment. Table 6 
summarizes this information. 

Table 6. Breakdown of car occupant injuries. 


RailcarNumber 

Car 

Occupants 

Fatal 

Serious 

Injury 

Minor 

Injury 

No 

Injury 

*Unknown 

Injury 

Ejection 

Partial 

Ejection 

AMTK 7454 (3) 

3 

0 

ia 

0 

2 

0 

0 

0 

AMTK 7554 (4) 

6 

0 

4 

0 

1 

1 

0 

0 

AMTK 7804(5) 

3 

0 

0 

1 

1^ 

1 

0 

0 

AMTK 7303 (6) 

2 

0 

1® 

0 

1 

0 

0 

0 

AMTK 7504(7) 

11 

3 

6 

1 

0 

1 

2 

2 

AMTK 7424 (8) 

10 

0 

7 

1 

2 

0 

5 

0 

AMTK 7423 (9) 

7 

0 

2 

2 

1 

2 

0 

0 

AMTK 7422(10) 

10 

0 

1 

1 

8 

0 

0 

0 

AMTK 7421 (11) 

21 

0 

6 

2 

12 

1 

0 

1 

AMTK 7420(12) 

1 

0 

0 

1® 

0 

0 

0 

0 

Location 

unknown 

7 

0 

2 

1 

3 

1 

0 

0 

Totals 

81 

3 

30 

10 

31 

7 

7 

3 


* Investigators w ere unable to obtain the medical records for these individuals. 
® Includes crew member. 


1.13.3 Highway Vehicles 

Southbound 1-5 in DuPont, Washington, is a heavily traveled major arterial roadway that 
traverses the state of Washington north and south. It is the main thoroughfare between two of the 
state’s largest eities, Seattle and Taeoma. 

The derailing Amtrak train struek several highway vehieles after it departed the right of 
way and entered the roadway. Additionally, parts of the train detaehed during the derailment and 
were involved in eoUisions with several vehieles on the Interstate. In aft, eight vehieles were 
damaged resulting either from the eoUision with the derailing train or from detaehed train 
eomponents or debris. In addition to the eight vehiele operators, there were two passengers 
traveling in the involved vehieles. A total of eight vehiele oeeupants were irgured. 

1.13.4 Highway Vehicle Accident Sequence 

At 7:33 a.m, a Freightliner traetor in eombination with an intermodal trailer was traveling 
at 61 mph southbound on 1-5 as reeorded by the truek’s Eleetronie Logging Deviee (ELD). In his 
interview with investigators, the truek driver said he was in the “eenter” lane. The tmek driver 
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advised that about 3-4 miles before the accident, the train while traveling on the track, passed him 
on his right. The truck driver reports that he observed the entire train pass his tmck whieh was 
traveling about 61 mph southbound on the interstate. As the truek driver approached the overpass, 
he said he observed AMTK 7424 (8) enter the roadway north of the overpass and strike his trailer. 
The railcar was already sliding on its roof when it entered the roadway. The impaet from the railcar 
damaged the steel intermodal trailer and pushed the truek out of its original lane of travel As the 
railear was dragged along the side of the trailer, it slowed the Freightliner to 23 mph. 

The ELD recorded the time of the deeeleration at 7:34 a.ra As the truek continued 
southward, passing under the overpass, it was struck by the power railear, AMTK 7903 (2) that 
had entered the roadway just south of the overpass. The Freightliner eame to final rest near the 
right side of the roadway. The tmek sustained heavy damage to the cab, windshield, the engine 
and the engine cowling. Because of the damage sustained by the truek cab, the tmek driver’s door 
became wedged and the tmek driver was foreed to climb out of the passenger window. The driver 
sustained minor irguries in the collision and required medieal attention. 

A FordF-150piok-up tmek was damaged when AMTK 7454 (3) entered the roadway south 
of the overpass in front of it. The driver reported that he was unable to stop and stmek the railear. 
AMTK 7424 (8) collided with the rear of the tmek as it slid to a stop on the interstate. The driver 
sustained severe injuries as did the front-seat passenger, who was trapped in the vehicle and had 
to be extiieated by the first responders. (See figure 24.) 



Figure 24. Final resting position of F150 and Freightliner. (Photo provided by WSP.) 

A white Toyota RAV4 was traveling south in the right lane when the driver reported seeing 
debris flying along the right side of the interstate. The driver advised that it was at that point that 
her vehiele was stmek from behind. The driver lost eontrol of the Toyota whieh spun out of control 
crossing all the southbound travel lanes of the interstate. The vehiele came to fin al rest on the left 


48 





NTSB 


Railroad Accident Report 


side of the roadway, taeing north in the southbound lane. The subsequent investigation revealed 
that the Toyota RAV4 was struck from behind by the lead loeomotive as it entered the roadway 
and slid to a stop on the interstate. The driver was treated for minor injuries at a loeal area hospital. 

A green Kia Soul (Kia) and a blaek Jeep Grand Cherokee (Jeep) were struck by the rolling 
assembly weighing about 4,500 pounds that had detached from AMTK 7424 (8). (See figure 25.) 
The rolling assembfy struek the front hood of the Kia and the rear of the Jeep; eausing both drivers 
to lose control of their vehieles. The driver of the Jeep reported to investigators that AMTK 7424 
(8) also struek his vehiele. Both vehieles sustained extensive erush damage resulting from the 
impaet with the rolling assembfy. The driver of the Kia was pinned inside of her vehiele when the 
engine bloek was shoved rearward, collapsing the dashboard and steering column onto her. (See 
figure 26.) The driver had to be extricated by first responders but sustained only minor injuries in 
the accident. After being stmek by the rolling assembly, the Jeep rotated 180° striking the metal 
guardrail before coming to fin al rest. (See figure 27.) The Jeep occupant also sustained minor 
injuries in the accident. 



Figure 25. Detached rolling assembly and Grand Cherokee. (Photo provided by WSP.) 
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Figure 27. Damaged Jeep Grand Cherokee. (Photo provided by WSP.) 
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As a result of the aeeidents with the highway vehieles, eight people were injured in the 
highway vehieles. Table 7 deseribes the injuries in detail. 

Table 7. Highway vehicle injury breakdown. 


1 Vehicle 

Damage 

Occupants 

Injured 

Fatal 

Serious 

Minor 

Ford F-150 

Extensive 

2 

2 

0 

2 

0 

Freightliner 
tractor and trailer 

Extensive 

1 

1 

0 

0 

1 

Kia Soul 

Extensive 

1 

1 

0 

0 

1 

Jeep Grand 
Cherokee 

Extensive 

2 

2 

0 

0 

2 

Kenworth tractor 
and trailer 

Moderate 

1 

0 

0 

0 

0 

Nissan Altima 

Moderate 

1 

0 

0 

0 

1 

Toyota RAV4 

Extensive 

1 

0 

0 

0 

0 

Hyundai Santa Fe’ 

Extensive 

1 

0 

0 

0 

0 


1.13.5 Passenger Ejections 

During the derailment, AMTK 7424 (8) detaehed from its leading and trailing railear and 
stmek the overpass eonerete bridge abutment. The railear then nosed downward, upended and 
overturned end over end while rotating 180°, finally resting on its roof while sliding to a stop on 
1-5 under the overpass. During the aeeident sequenee, the struetural supports that held the windows 
in plaee buekled and several of the windows broke out or fell out. Five passengers inside of the 
railear were ejeeted out of the railear and were, aeeording to emergeney responders, motorists and 
other passengers, found lying on the interstate. 

As a result of the derailment, AMTK 7421(11) eame to rest hanging from the overpass and 
resting on top of AMTK 7424 (8). (See figure 28.) 
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Figure 28. AMTK 7421 (11) resting on AMTK 7424 (8). (Photo provided by WSP.) 
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The separation of AMTK 7421 (11) from its lead railear left an opening at the lowest point 
of the railcar, where it had been previously coupled. A female passenger sitting near the front of 
that railear was thrown from her seat and partially ejeeted through the opening at the end of the 
railear. (See figure 29.) 



Figure 29. Open end of AMTK 7421 (11). (Photo provided by WSP.) 

Two of the deceased passengers were ejeeted out of AMTK 7504 (7) when the side wall of 
the railcar was breached by the rolling assembly belonging to AMTK 7422 (10). The rolling 
assembly tore a hole into the underside of the railcar as it flipped over onto its right side during 
the derailment. The rolling assembly was found inside of the railcar. In addition, two more 
passengers were partially ejeeted out of the opening ereated by the railear’s stmetural breaeh. 
Another passenger was fatally injured when he was struek by the rolling assembly inside of the 
railcar. 


In total there were seven lull train passenger ejeetions and three partial ejeetions. 
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1.13.6 Occupant Space Design and Safety of Railcars 

During this derailment, the rail passengers expeiieneed both forward and lateral forces. 
Several passengers sustained serious head and torso injuries during the derailment. A secondary 
collision occurs when the train oeeupants continue moving at the train’s initial speed while the 
train rapidfy deeelerates. The impaet oceurs when an oeeupant eollides with an interior surfeoe, 
sueh as the seatbaek in the row ahead. An oeeupant will survive a eollision with an interior surfaee 
(sueh as a seat back, wall, or table) during an aeeident if the forees and accelerations are within 
aeceptable human toleranee levels. 

Train 501 is not equipped with “oeeupant restraint systems” used in other forms of 
passenger transportation such as seatbelts or airbags, nor are there any such requirements for 
passenger railcars. These common forms of occupant restraint are found in the airline industry and 
in passenger vehieles but not in passenger trains. The primary strategy for oeeupant protection in 
passenger trains is “compartmentalization.” This strategy involves attempting to restrict the 
movement of the occupants during a railroad accident to limit the potential for injury. 

1.13.6.1 Passenger Seating 

Some of the seats in the Talgo Series Vt train are designed to rotate whieh can decrease 
the efiectiveness of compartmentalization when the seats rotate during an accident. (See figure 30.) 
In this derailment, investigators observed several seats that had rotated with passengers causing 
injury. To understand the nature of the irguries and why the seat rotation occurred, NTSB 
investigators examined the design. 

The release meehanism, loeated under the side of seat at the aisle, can be manipulated by 
a crewmember by stepping on the latch. The row of seats can be rotated around and locked back 
into position. The rotation of the seats is accomplished by turning the seats starting at one end of 
the railear and working to the other end. Onee the seat has been rotated into plaee, the loeking 
meehanism must be engaged to look the seat into position and prevent inadvertent rotation. 



Figure 30. Coach class seating layout showing rotating and nonrotating seats. 

Postaccident interviews revealed that several passengers in AMTK 7423 (9) were injured 
when three rows of seats started to rotate. One passenger was struck in the head with enough foroe 
to shatter the window. The seat comer of seat 2, whieh is not designed to rotate, contaeted the rear 
bulkhead of the railcar, shattering the glass partition, direetly behind the seat. A postaccident 
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examination of AMTK 7423 (9) revealed that during the derailment, the metal railing on the 
southside walkway on the overpass penetrated the lower portion of the railear’s sidewall This 
resulted in the displacement of the interior sidewall. The three rows of seats were displaeed 
laterally causing the seats to rotate. Figure 31 shows the intrusion by the metal railing into the 
railear and shows the displacement of seats. 



Figure 31. Bridge railing penetrating AlVffK 7423 and displaced passenger seats. 


A passenger in AMTK 7422 (10) reported that a row of seats started to rotate during the 
derailment. This railear sustained only minor exterior damage and no interior damage. The seats 
were identified as 21/22 and examined. The locking mechanism was found in working order and 
no obvious defects could be found. The locking mechanism appeared not to have been engaged. 
No passenger injuries were associated with the rotation of the seat in this railear. Seats lA and IB 
(nonrotating type) were twisted from the normal positions and seat 4C had rotated in 
AMTK 7554 (4). Although not engaged when investigators examined the loeking meehanism 
from 4C, no defects were found. 


1.13.6.2 Infant and Child Seating 

As diseussed above in seetion 1.13.6, restrieting the fore and aft movement or 
eompartmentalizing a passenger involved in an aeeident is efieetive in minimizing injuries. 
Currently there are no features in passenger railears that allow a parent to seeure their ehild safety 
seat (car seat). In this aeeident, a lamily earrying a car seat with an i nfa nt boarded train 501 and 
sat in AMTK 7421 (11). The parents reported that they were unaware that the train would not have 
seeurement straps necessary to belt the car seat into one of the seats in the railcar. Subsequently, 
the car seat eontaining the ehild was placed on top of a table during the journey. Just prior to the 
derailment; the father reported that he removed the child from the car seat and entered the lavatory. 
The car seat was left on top of the table. During the derailment, the unrestrained car seat was 
ejeeted out of AMTK 7421 (11). The car seat was reeovered outside near AMTK 7424 (8) near a 
discoimeeted rolling assembly. (See figure 32.) 
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Figure 32. Child car seat near AMTK 7424 (8). (Photo provided by the Federal Bureau of 
Investigation.) 

Amtrak’s poliey for the transportation of minors aboard their trains is that a child under 
2 years of age and riding for free can use an available seat if it is not needed for a paying passenger. 
If no seat is available, the ehild is assumed to be carried on the lap of the paying adult. No safety 
provisions are made for smaller ehildren, even if they pay for a seat. 

1.13.7 Handicap Accessibility 

Train 501 was equipped with two handieap-accessible railcars. One was the Business class, 
AMTK 7554 (4) and one was the Coaeh elass, AMTK 7504 (7). Two wheelehair lifts were 
provided in eaeh railear, one on eaeh side of the railear adjacent to the exterior door. In the stowed 
position, the lifts were secured by a metal pin that bolted the wheelchair assembly to the overhead 
frame of the lift and to the floor of the railear. In AMTK 7554 (4), the right-side wheelehair lift 
was found to be detaehed from its seeurement braeket on the floor and pulled away from the top 
by a force exerted on the bottom of the lift at the time of the derailment. The wheelehair lift was 
found partially attaehed and hanging, obstmeting aeeess to the exterior door. On the left side of 
the railear, the wheelehair lift was still in plaee. The lift had sustained damage and the seeurement 
lateh had been bent but the lift was still funetional. A eloser inspeetion of the wheelehair lift 
assemblies revealed that the stmetural buekling of the railear frame allowed the wheelehair lifts to 
be detached from the floor. The weight of the wheelchair lift pulled the top of the lift away from 
the railcar stmcture. (See figure 33.) 
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Figure 33. Exemplar wheelchair lift and damaged lift in AIViTK 7554 (4). 

A postaccident inspection of AMTK 7504 (7) revealed that both wheelehair lifts were 
missing. Both had broken away from their securement bracket attaehed to the end of the railear. 
The right-side wheelehair lift, after detaehing from the railear structure, was propelled through the 
interior of the railear and breaehed the exterior wall of the lavatory. After detaehing from the 
railear’s struetural support, the left-side wheelehair lift was propelled to the right and toward the 
opposite door at the end of the railear. 

Only one wheelchair lift was recovered from the scene. Components from the second lift 
were reeovered. Due to the extensive damage to the railear and to the reeovered wheelehair lift, it 
was not possible to determine whieh wheelehair lift had been reeovered from the debris. Figure 34 
shows the interior damage to AMTK 7504 (7) and the loeation where the wheelehair lifts were 
mounted prior to being tom away from the railear stmeture. 



Figure 34. Photograph of missing wheelchair lift and damage to AMTK 7504 (7). 
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Figure 35 shows the damage resulting from the right-side wheelehair lift being propelled 
into the exterior lavatory wall in the railcar. 



Figure 35. Photograph of the interior lavatory damage of AMTK 7504 (7). 
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1.13.8 Interior Glass 

The Talgo Series VI railears are equipped with internal glass doors fitted with tempered 
safety glass at the end of eaeh railear that separates the vestibule Ifom the interior of the passenger 
eompartment. The doors slide into plaee on a runner behind or in front of the last row of seats in 
eaeh railear. The door is eleetrioally powered. When the eleetrieal power is removed, 20 pounds 
offeree is required to manually open the door. A glass partition is also loeated atone end of eaeh 
railear. A small utility hammer is provided fer passengers to use to break the glass door in the 
event of an emergeney. The sign notifying passengers of the presenee of the hammer and the 
intended use is not photolumineseent and would not be visible in low or no-light eonditions. 

Investigators noted the vestibule door in AMTK 7422 (10) was jammed during 
postaecident interior exa min ations. Reasonable attempts were made by investigators to open the 
door, but it did not move. The utility hammer remained in plaee. (See figure 36.) 
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Figure 36. Jammed vestibule door, AMTK 7422 (10). 

Despite being fitted with safety glass, several of these doors shattered during the 
derailment. In AMTK 7421 (11), the door shattered just behind two seated passengers in the front 
row of the railear. In addition to the glass interior doors, glass partitions are also ineorporated into 
the seating interior design for the dining and bistro railears. These partitions are used to separate 
seating positions and are loeated direetly behind the head of the passenger. Several of these 
partitions shattered during the derailment. 

In the overhead luggage bin area, glass dividers are used to partition the space. Several 
broken dividers were found on the floor of the railears during the postaeeident inspeetion. 

1.13.9 Emergency Egress - Lighting and Signage 

Current requirements for passenger railear emergeney lighting are outlined in 49 CFR 
238.115, “Emergeney Lighting.” The fin al rule for emergeney lighting was established in 
November 2013. 
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Title 49 CFR 238.115 (a) (1-4) requires that equipment ordered on or alter September 8, 
2000, or plaeed into serviee for the first time on or after September 9, 2002, have batteries for a 
baekup power system However, this equipment was built before the year 2000. The Talgo trainset 
is required to eompfy with 49 CFR 238.115 (b)(l-2) that states the equipment should eompfy with 
APTA standard PR-E-S-013-99, Rev. 1, “Standard for Emergeney Lighting System Design for 
Passenger Cars,” that requires railears to have emergeney lighting, “powered from either the main 
battery system, or independent power souree(s). Eaeh emergeney light fixture shall aetivate 
automatieally or be energized eontinuously for 90 minutes whenever the ear is in passenger serviee 
and normal lighting is not available.” 

The final rule stipulates that no later than Deeember 31, 2015, at least 70 pereent of eaeh 
railroad’s passenger railears that were ordered prior to September 8, 2000, and plaeed in serviee 
prior to September 9, 2002, eompfy with the emergeney lighting requirements. 

In Deeember 2015, Amtrak petitioned the ERA seeking a temporary waiver of eomplianee 
for the emergeney lighting requirements until Deeember 2017. The justilieation was based on the 
feet that 70 pereent of Amtrak’s fleet was plaeed into serviee prior to 2002, thus needing 
modifieation. The trains required a waiver beeause they did not meet the requirements of 49 CFR 
238.203 or the end strength. In April 2016, the ERA denied the request in the interest of pub lie 
safety. 


Aeeording to passengers and emergeney responders, the separation of the railears resulted 
in the loss of lighting that hampered both the passengers’ ability to evaeuate from the train and the 
first responders’ reseue operation. In this Talgo train, the batteries are in the power railear in the 
front of the train and the baggage railear in the rear of the train. Auxiliary batteries are not provided 
for the individual railears. 

After the derailment, most passengers self-extrieated. The inability of the erew to 
eornrnunieate with the passengers resulted in the passengers having to deeide on their own 
initiative whether to evaeuate and to determine the safest route of evaeuation. Most of the 
passengers reported that they had no eontaet with the erew after the derailment. The publie address 
(PA) system, whieh is available on the train, would not have been operational beeause the train 
eame apart in this derailment. 

This system is normally hard wired and dependent on the train’s eleetrieal system and not 
wireless. Onee the railears detaehed, the entire train lost both power and signal for the PA system. 

Current requirements for passenger railear markings and instruetions for emergeney egress 
and reseue aeeess are outlined in 49 CFR 238.125, “Marking and Instructions for Emergency 
Egress and Reseue Aeeess.Speeifieally, the rule enhanees requirements related to the use of 
high performanee photofemineseent (HPPL) material, sueh as a photolumineseent material that is 
eapable of enfitting light at a very high rate and for an extended period of time, as well as polieies 
and proeedures for ensuring proper plaeement and testing of photofemineseent materials. These 


The rule states that, on or after January 28, 2015, emergency signage and markings shall be provided for each 
passenger railcar in accordance with the minimum requirements specified in APTA PR-PS-S-002-98, Rev. 3, 
“Standard for Emergency Signage for Egress/Access ofPassengerRail Equipment,” Authorized October 7, 2007, or 
an alternative standard providing at least an equivalent level of safety, if approved by FRA pursuant to section 238.21. 
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revisions are intended to help ensure greater visibility of signage and markings in an emergeney 
situation so that train oeeupants ean identity emergeney exits and the path to the nearest exit in 
eonditions of limited visibility, whieh inelude, but are not limited to eonditions when all lighting 
tails, or when smoke is present in the passenger railear. 

Existing emergeney egress signage inside some passenger eompartment areas within 
passenger railears has been ineffeetive due to its inability to absorb sulfioient levels of ambient or 
eleetrieal light. The requirements in this rule improve the eonspieuity of signage and markings in 
the passenger eompartment, and thus inerease the diseemibility of the exit signs and markings. 

About 2 years before the derailment, Amtrak performed an internal audit of its inventory 
for eomplianee with federal regulations. At that time, Amtrak identified several problems with 
their fleet in general and the Talgo trainsets speeifieally. During testing for emergeney lighting 
requirements, Amtrak diseovered that the signage in the Talgo railears laeked the required 
photolumineseenee for instruetional signs for the operation of emergeney door, emergeney exit 
signs, and instructional signs for doors and windows. Amtrak also noted that the Talgo trainsets 
did not eornply with the federal regulations regarding emergeney lighting in the railear aisles and 
passageways during low-light and no-light operations. Amtrak presented its flndings to the loeal 
Talgo representative. 

Talgo started a projeet on the Talgo Series VI trainsets to: 

• Replaee the emergeney door opening instruetion signs with ones eompliant with the 
eurrent HPPL requirement 

• Replaee the retrorefleetive border around the manual release levers and handles with 
eompliant HPPL material 

• Inerease the illumination in the vestibule to assure the above material is suffieiently 
eharged 

In January 2019, Talgo had eompleted replaeing the signs. However, the additional work 
to upgrade the emergeney lighting is still ongoing as of the date of this report. 

1.13.10 Emergency Doors 

The instruetions to operate the door are loeated on the bulkhead above the manual release 
lever. It provides step-by-step instmetions to the passenger on how to open the emergeney door to 
evaeuate the train. Beeause the proeess to open the doors is not intuitive, instruetions are required 
to be plaearded. 

The instruetions advise the user to: 

• Press a green button (some signs indieate to wait 5 seeonds before going to next 
step). When the main or auxiliary power is available, the door will usually slide 
open whieh alleviates the need to proeeed further with the instruetions. 
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• (In the event that the door tails to open), pull the red lever. It is made to operate 
in the either up or down position. 

• Pull up on handle. The handle releases the meehanism that is holding the door 
in plaee. 

There was a pietorial and instruetions to use two hands to push out and sideways to slide 
the door open. During the postaeeident inspeetion of the railears, all the plaeards were found to be 
in plaee. 

However, none of the plaeards possessed any photolumineseenee, whieh means that in low 
or no-light situations, the signs eaimot be seen by passengers attempting to use the door for egress 
in an emergeney. 

At the end of eaeh railear in the vestibule area are two exterior doors that provide 
emergeney egress. During normal train operation (under power), the train’s eleetrieal system 
releases the door and allows the door to be opened. Under emergeney power, the train’s eleetrieal 
system still provides some eleetrieal power to operate the door. In the event that the door does not 
automatieally open, the eleetrieal system ean provide some assistanee to allow the ease of opening 
the door manually. 

During the loss of all eleetrieal power, ineluding emergeney auxiliary power, the door 
operation is manual onfy. A loss of the eleetrieal power assist ean oeeur whenever the railears 
beeome detaehed sueh as in a eoUision or derailment. The exterior door is of substantial weight 
and even some adults will have dilFieulty pushing the door open. 

During the postaeeident inspeetion, several undamaged doors were seleeted at random and 
opened. Whereas all the doors eould be opened, several issues did arise. In one instanee, the red 
lever only worked in the up position, though it was designed to work by either pulling down or 
pushing up to release the manual pull handle. Talgo eommitted to revising its maintenanee 
proeedure to assure both direetions will perform as intended. 

Another issue found with the lever involved the wire ties Talgo used to seeure the lever to 
prevent aeeidental or deliberate tampering. In one ease, the wire tie inereased the dffieulty in 
aetuating the lever. Investigators had to use both hands and lean against the handle with their full 
weight to break the wire and move the lever. 

It should be noted that when investigators examined an exemplar undamaged trainset on 
Mareh 7, 2018, at the maintenanee faeility in Seattle, Washington, similar issues with the 
tampering deviee hampering door use were found when trying to operate the door release 
meehanism. The issue was eornrnunieated to Amtrak and Talgo who eommitted to look at possible 
improvement. Talgo advised investigators that it is researehing alternatives. 

In AMTK 7423 (9), two passengers reported that they had attempted to exit the train after 
the derailment but eould not get either of the exterior doors to open. An examination of the railear 
revealed that evidenee was present to indieate that someone had attempted to open the door, it was 
elear that not all the proper steps to open the door were performed. The instruetional plaeard was 
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present but did not possess the required photolumineseenee by regulation. The derailment oeeurred 
prior to sunrise. (See figure 37.) 



Figure 37. Exemplar emergency door showing instruction placard. 

1.13.11 Emergency Windows 

Several undamaged windows were found both inside and outside of the railears. Window 
zip strips were also found inside of several railears indieating that the emergeney windows were 
used for egress after the derailments'^ 

The exterior windows on eaeh railear had been marked with a decal indicating the proper 
way to use the window in an emergency. The railcar windows were found to fimetion as designed. 
However, several of the passengers, bystanders, and members of the fire department reported that 
the multiple window markings were confusing. The instruction provided to gain aeeess through 
one window was not the same as the instmctions provided to gain access to the adjacent window. 
In several instances, individuals were attempting to gain access through a window incorrectly, 
delaying access to the interior of the railcar and the rescue efibrt. 


A Tip strip is a removal gasket that when pulled allows for the rapid removal of a train car window in an 
emergency. 
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Figure 38 illustrates the deeals found on the exterior of the railear near windows on the 
Talgo railcars. Instructions to correctly gain access are for the side passenger windows only. 
Figures 38 and 39 also show the instructions for the emergeney windows loeated at the first and 
last windows on each side of the railears. 



tlSAERGEIMCY 



Figure 38. Interior emergency window removal instructions. 



Figure 39. Interior emergency window removal instructions. 

1.14 Emergency Response 

The derailment oeeurred in Pieree County, Washington, about 3 miles north of Thurston 
County. The loeation was adjaeent to JBLM whieh has eoneurrent emergeney response jurisdietion 
with Pieree County. 

1.14.1 Pierce County Emergency Management Agency 

The Pieree County Emergency Management Agency (EMA) is a governmental agency that 
responds to all types of hazards, emergeney situations, and disasters. The agency’s mission is to 
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prevent, mitigate, respond, and reeover from these ineidents that oeeur within Pieree County. The 
Pieree County EMA is aeeredited by the Emergeney Management Aeereditation Program, with 
the most reeent reaeereditation oeeurring in 2016. The ageney is eomprised of six divisions: 
Operations, Communieations, Preparedness, the Fire Prevention Bureau, the eounty’s Emergeney 
Medieal Certifieation and Reeertifieation programs, and the Washington State Seareh and Reseue 
Task Foree. The ageney eornrnunieatioris eenters operate on a 700 megahertz (MHz) radio 
frequeney. Pieree County EMA writes plans and eonduets training ineluding mass easualty 
ineidents. The ageney partieipates in training seminars and live drills sponsored by Amtrak. In 
addition to training, the ageney takes part in regional meetings with other emergeney management 
ageneies. 

On the morning of the derailment, the Pieree County EMA deputy direetor was notified of 
the derailment about 10 minutes after it oeeurred and immediately aetivated its Emergeney 
Operations Center. The ageney also ensured that Family Assistanee Centers were available to 
provide support to the vietims and their families during the response. 

1.14.2 Fire/Rescue and EMS Response 

At the aeeident loeation (whieh was adjaeent to the JBLM base), JBLM entered into an 
agreement providing emergeney response serviees to the Pieree County Department of Emergeney 
Management. In this shared jurisdietion, JBLM emergeney responders eonducted operations in 
aeeordanee with the Pieree County Emergeney Management Plan, and the Mass Casualty Ineident 
(MCI) protoeol.^^ The protoeols outline the treatment and transportation of patients, hospital 
protoeols, on-seene operations, aoeountability, and eornrnunieatioris. JBLM staff are eertified to 
operate under the direetion of the Washington State Medieal Direetor, and the Medieal Direetor 
for the United States Department of Defense (DOD). 

On the day of the derailment, JBLM dispatehed all six engine eompanies to the seene at 
7:37 a.m. The time of the aeeident eorresponded with the normal duty shift ehange at the fire 
department, whieh resulted in two shifts of firefighter/emergeney medieal teehnieians (a total of 
84 firefighters) available to respond to the derailment. In addition to the JBLM engine eompanies, 
three JBLM ehief offieers responded to the seene. The responding eommand oflfieers ineluded the 
assistant ehief who assumed the role of the ineident eommander, an operations ehiel^ and a ehief 
ofiieer who aeted as the medieal safety ofiieer for the response. 

The JBLM ineident eommander requested a mutual aid response and the request was 
forwarded to Thurston County. The assistant ehief for the Laeey Fire Department, a department in 
Thurston County, reports that the mutual aid eall was reeeived by his ageney as a Level 1 MCI. 
The assistant ehief advised that given the information he reeeived regarding the nature of the 
aeeident, he upgraded the Thurston County response to an MCI Level 2. This resulted in the 
response of 45 units with about 100 firefighters to the derailment (whieh was in Pieree County). 
The Laeey Fire Department assistant ehief stated that his goal was to have more units on the way 
to the aeeident site to minimize the delay in obtaining resourees. The deeision on whether these 


An MCI Level 1 incident involves between 5-10 people and required local resources and responding agencies. 
An MCI Level 2 incident involves between 10-20 people, requires local resources and responding agencies, and may 
require additional resources from other jurisdictions within the region. 
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units would be neeessary was to be made at the seene, alter eonferring with the ineident 
eommander. The overwhehning number of resourees provided by Thurston County resulted in 
Pieree County units not being deployed, despite their availability and proximity to the seene. 

Fire/Reseue and emergeney medieal teehnieian resourees were provided by the DuPont 
Fire Department, the West Pieree Fire Department, the Laeey Fire Department, the Olympia Fire 
Department, the Tumwater Fire Department, the Gig Harbor Fire Department, the Central Pieree 
Fire Department, and the South Bay Fire Department. Transport ambulanoes were provided by the 
eounty lire departments, and loeal eontraetors; Ameriean Medieal Response, Ine. (AMR) and 
Faulk ambulanee serviees, and Madigan Army Medieal Center. 

The vietims of the derailment were transported to various hospitals both in Pieree County 
and Thurston County. Some of the vietims were transferred to speeialized treatment faeilities. 
Table 8 outlines the distribution of vietims to the various medieal treatment laeilities. 

Table 8. Distribution of victims to medical facilities. 


1 Hospital 

Location 

Trauma Designation 

Patients 

Madigan Army Medical Center 

DuPont 

II 

16 

Providence St. Peter Hospital 

Olympia 

IV 

9 

Good Samaritan 

Puyallup 

III 

13 

MultiCare Allenmore Hospital 

Tacoma 

II 

5 

St. Joseph Medical Center 

Tacoma 

II 

11 

Harborview Medical Center 


1 

*4 

Capitol Medical Center 

Olympia 

IV 

7 

Tacoma General Hospital 

Tacoma 

II 

3 

‘Transferred to hospital from otherfacilities. 


1.14.3 Law Enforcement Response 

The primary law enforeement ageney in Pieree County is the Pieree County Sheriffs 
Department. The elosest law enforeement ageney adjaeent to the derailment site was the Lakewood 
City Poliee Department. Communieations for these and other ageneies within Pieree County are 
provided by the Emergeney Cornrnunieatioris Center, known as South Sound 911. WSP has 
primary jurisdietion on 1-5. The Washington State Poliee (WSP) and other ageneies in Thurston 
County eome under the Thurston County Emergeney Cornrnunieatioris Center known as 
TComm911. 

The reeorded time of the derailment was 7:33 a.m. The first eyewitness eall reporting the 
derailment was reeeived by the South Sound 911 Cornrnunieatioris Center at 7:36 a.m. The WSP 
reeeived its first 911 eall at 7:38 a.m. The eyewitness reported that he ealled 911 and his eall was 
routed to the Thurston County Emergeney Cornrnunieatioris Center. The dispateher then rerouted 
the eall to the South Sound 911 Communieations Center for Pieree County. Onee eormeeted with 
an emergeney eall taker at South Sound 911, the eyewitness was advised that the eenter had already 
reeeived multiple ealls reporting the derailment. Table 9 shows the timeline of the calls. 
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Table 9. Emergency response timeline. 


I Time 

Response 

7:36:10 

Firstcall received by South Sound 911 EmergencyCommunications Center 

7:37:05 

Call dispatched to DuPont Police Department(DuPD) 

7:37:17 

Call dispatched to Steilaeoom Police Department(SMPD) 

7:37 

JBLM EmergencyCommunications Centernotified of derailment 

7:38 

WSP dispatched to scene. 

7:38:30 

Lakewood City Police Department(LPD) dispatched to scene. 

7:40:30 

DuPD arrives on the scene. 

7:40:35 

Thurston County notified 

7:41:54 

Thurston County Fire Departmentresponding to the scene. Thurston County law 
enforcementalso requested to respond. 

7:44:47 

Pierce County Sheriffs Department(PCSD)dispatched. 

7:48:12 

SMPD arrives on scene. 

7:56:08 

DuPontPolice Chief assumes command ofincident. 

7:57 

Pierce County Fire Departmentdispatchedtothe scene. 

8:00 

Call for Unified command to beset up at golf course by lawenforcementofficial. Request 
fire departmentrepresentative 

8:01:10 

PCSD arrives on scene. 

8:01:33 

WSP arrives on the scene. 

8:07:42 

WSP to Command Postto assume control ofscene. 

8:11 

Command Postsetupat golf course request for Fire Departmentrepresentative 

8:15:50 

Second call for Fire Department representative for “unified” comm and post at Golf Course. 

8:16:01 

Fire Captain to respond overto command postatgolf course. 

9:02:09 

RequestforOCME Pierce County Medical Examinerto respond to the scene. 


Note: JBLM’s arrival to the scene was not recorded by Pierce County Emergency 
Communications Center. 


Arriving law enforeement ageneies performed traffie eontrol, assisted with the extrieation 
of the vietims, and interviewed witnesses and vietims on the seene, at the loeal hospitals, and at 
the reunifieation eenter that was set up at City Hall in the City of DuPont. 

In addition to the Pieree County Sheriff’s Department, the City of Lakewood Poliee 
Department and the WSP, several other poliee ageneies responded to the seene. These ineluded 
the Puyallup Poliee Department, Bonney Lake Poliee Department, Federal Way Poliee 
Department, Steilaeoom Poliee Department, and the DuPont City Poliee Department. Offieers 
from these ageneies were part of a joint regional task foree. One of the senior eommand offieers 
with the Puyallup Poliee Department headed the Pieree County Ineident Management Team 
(IMT), whieh responded to the aeeident. 

1.14.4 Pierce County Incident Management Team 

The Pieree County IMT is an integrated team of multidiseiplinary professionals of 35-40 
members that inetude law enforeement, fire/reseue serviees, emergeney management, and other 
eounty ageneies who provide expertise during major ineidents to ensure the effieient and elfeetive 
management of the ineident. Not every ageney within Pieree County has a representative on the 
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team Onee the initial reseue operation had been eoneluded, the IMT assisted with managing the 
reeovery elForts until the seene was eleared. 

1.14.5 Fire Department Agencies 

JBLM dispatehes units through its Emergeney Cornrnunieatioris Center whieh reeeives 
ealls from Pieree County. JBLM’s radio eornrnunieatioris frequeney is not eompatible with either 
the Pieree or Thurston County’s radio eommunieation systems. 

The laek of interoperability of the JBLM radio eornrnunieatioris system with adjaeent 
jurisdietions was known before the derailment. About 2 weeks prior to the aeeident, ageneies from 
Pieree County and JBLM partieipated in a eombined training exereise. During that training 
exereise, the partieipating ageneies were unable to “pateh” their radio frequeneies whieh should 
have permitted the partieipants to eornrnunieate direo% with one another. Shortfy after the training 
exereise, the West Pieree Lire Department initiated a plan to mitigate the laek of interoperability 
by stoekpiling a eaehe of portable radios and storing them on a serviee truck. When dispatehed, 
the radios from this tmek eould be used to equip ageneies, like JBLM, with radios to enhanee the 
eommunieation eapabilities for all the responding units. At the time of the derailment, this resouree 
was not used. Lew Pieree County Lire Department resourees were deployed to the seene due to the 
overwhelming number of Thurston County Lire Department u nits that had responded, despite the 
proximity of the Pieree County units. A JBLM ehief oliioer advised that his ageney possessed 
several Pieree County radios but not in enough quantity for the number of units his ageney deploys. 
None of the JBLM ehief olfieers used these radios during the response. 

Several of the first responders from Pieree County told NTSB investigators that there was 
not a lot of information reeeived over the Pieree County radio frequeney. Responding u nits were 
not provided basie information as they traveled to the seene. These informational gaps in 
eommunieations ineluded the loeation of the eommand post, the identity of the ineident 
eommander, and the loeation of the staging area. Beeause of the laek of eornrnunieatioris, many 
first responders reported that they began self-initiated reseue operations whieh some deseribed as 
“freelaneing.” This led to momentary eonfiision related to the loeation of personnel and the reseue 
operations that were underway. 

The problems eneountered with eornrnunieatioris resulted in noneomplianee with 
established polieies and proeedures. One of these proeedures entailed the aeeounting of personnel 
on the seene through the Passport Aeeountability System Both Pieree County and Thurston 
County Lire/EMS serviees use the “passport” system or “pass.” “Pass” allows the ineident 
eommand to maintain aeeurate traek and awareness of where resourees are eommitted at an 
ineident. The system uses an identifieation tag that eontains areseuer’s name, eompany, and unit 
designation. These passes are eolleeted on the seene from eaeh emergeney responder and 
maintained by a eommand olfieer for personnel safety aeeountability. 

This personnel safety aeeountability protoeol was not followed on the seene of this 
ineident. Several fire eompany oflfieers reported that they were unable to loeate the eommand post 
or the eommand offieer in eharge of personnel aeeountability to provide their erew’s passports. 
After a period, the olfieers gave up and none of the passports were given to or eolleeted by anyone 
in eharge of the overall aeeountability of personnel on the seene. 
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JBLM advised that due to the size of the ineident, it was deeided that eaeh unit would be 
responsible for keeping traek of their own personnel whieh is eontrary to the design of the passport 
aeeountability system Some of the eompany offieers from outside ageneies were unaware of the 
ehange in the protoeol and the deeision made by the ineident eommander. 

1.14.6 Law Enforcement Agencies 

In addition to diffieulties with eommunieation between responding Fire/Reseue and EMS 
ageneies, the lire departments were unable to eommunieate with responding law enforeement 
ageneies. A separate law enforeement eommand post was set up away from the interstate in the 
parking lot at the military base golf eourse. The first arriving law enforeement ageney set up this 
seeond eommand post to laeilitate a larger joint “unified” eommand with the fire departments and 
law enforeement ageneies away from the eongestion of the seene. Multiple requests were made 
for a representative from the fire departments to join the eommand post. In the end, the two 
ageneies operated their own individual eommand posts and did not establish an efieetive 
eornrnunieation system between them 

The Pieree County law enforeement ageneies were switehed over to a eornmon radio 
frequeney for eommunieations during the ineident. However, Thurston County law enforeement 
ageneies that use the TComm911 Center eould not oornmunieate with the Pieree County ageneies 
without “patehing” of radio frequeneies, whieh was not performed. The law enforeement ageneies 
noted that both ageneies operated on different frequeneies whieh made patehing partieularly 
diffieult.^^ 

The traeking of poliee offieers on the seene required the ability to eornrnunieate with the 
dispateher by “eoming over the air and eheeking in” or using the eomputer assisted dispateh (CAD) 
system that was part of the eounty’s eommunieations eenter. 

1.14.7 Training 

All the involved ageneies partieipate in yearly training exereises that eneompass both mass 
easualty ineidents and interageney emergeney response seenarios. Both Pieree County and 
Thurston County have a mass easualty ineident plan that provides guidanee and assistanee in the 
eoordination of the emergeney response between ageneies within their eounty. The State of 
Washington also has a eomprehensive emergeney management plan for the entire state. These 
plans ineorporate four eore elements: EMS protoeols, eommand structure, eommunieations, and 
asset management (PCEMS 2019). JBEM eonduets training exereises with various emergeney 
response ageneies within Pieree County. 

In addition to loeal and state government sponsored training, BNSE and Amtrak provide a 
variety of training opportunities in rail emergeneies for state and loeal governments, first 
responders, hospital and medieal eare providers, and other transit ageneies. In August 2017, 
Amtrak sponsored an MCl-train derailment exereise that was attended by individuals from various 
fire and poliee departments, loeal government ageneies, a loeal hospital and the eommunieations 


The agencies unsuccesstlilly tried patching during a drill 2 weeks before the accident. This experience led the 
command to believe that taking the time to attempt to patch the frequencies would be a waste of time and resources. 
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eenter in Pieree County. Representatives from the loeal transit ageney and Sound Transit also 
attended the training. The exereise eonsisted of two parts, with the elassroom portion held at the 
Camp Murray National Guard base. The ‘hands on” training elass was seheduled to be held in 
January 2018. 

1.14.8 Postaccident Action 

Eaeh of the ageneies that responded to the derailment partieipated in a postaeeident 
eritique. These eritiques were sponsored by Amtrak and the loeal government ageneies involved. 

One of the lessons learned was the failure in the eommunieation system The deputy 
direetor of JBLM Direetorate of Emergeney Serviees advised that the loeation where the 
derailment oeeurred is jointly owned by both the state and federal governments. Both the state and 
JBEM provide lire/reseue and poliee serviees to the area. By United States Eederal 
Cornrnunieatioris Commission regulation, DOD ageney radios operate on the 450 MHz range. 
State and loeal law enlbreement and fire/reseue ageneies operate on the 700-800 MHz band. The 
eommunieation systems are not eompatible. Additionally, the ineompatibility ereates a problem 
whenever attempts are made to “pateh” the two radio frequeneies together during a major ineident. 

To resolve the interoperability issues, DOD is eurrently purehasing new Tri-band radios. 
These radios will permit DOD assets, sueh as JBLM, to program into the radio the frequeneies 
required to enable eornrnunieatioris between state and federal ageneies during interjurisdietional 
operations. This will permit a more effieient eommunieation stream between JBLM, Pieree 
County, and Thurston County emergeney responders. JBLM advised that the new radios will also 
eorreet a seeondary issue involving the dismption in eornrnunieatioris eaused by the laek of a 
“repeater” at the southern end of the military base. The radio eommunieations would be routed 
through the eornrnunieatioris eenters, sueh as South Sound 911, alleviating the need to “pateh” into 
the various frequeneies. Until the deployment of the new radios is eompleted, JBLM will maintain 
its eurrent protoeol for the establishment of a “unified eommand”. The protoeol requires that the 
ehief offieers of the various ageneies be in one eentralized loeation so that information is shared 
in a timely manner. 


1.15 Track and Structure 

The 136-pound eontinuous welded rail in the eurve was supported with wooden erossties 
spaeed 19.5-inehes apart (eenter oferosstie to eenter ofadjaeent erosstie). The rails were supported 
by eonerete erossties where the traek was straight. The rails were sitting on 7 3/4-inoh x 16-inoh 
Pandrol tie plates. The rails are fastened to the erossties through the tie plates with elastie type 
fasteners (MeKay on eonerete; Pandrol e-elips on wood) to hold the rail in plaee and retard 
longitudinal rail movement. Near the eurve and tangent traek preeeding the eurve, every erosstie 
was “box” anehored.^^ Investigators did not observe any unintentional rail movement near the 
aeeident site. 


Box anchored means that each rail has two anchors placed on each side of the crosstie to restrict longitudinal 
rail movement. 
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Sound Transit inspeeted and maintained the Lakewood Subdivision main traek as Class 4 
traek aeeording to federal standards.^* This allowed passenger trains a maximum speed of 80 mph 
on the tangent (straight) seetions of traek, although an additional regulation limited the maximum 
speed to 79 mph. 

1.15.1 Inspections 

Investigators examined the reeords for required traek inspeetions, internal rail tests, and 
traek geometry tests. None of the results from these examinations were noteworthy and those that 
were required by regulation were performed within standard. 

1.15.2 Curve and Signage 

Sound Transit identified the permanent speed restrietions for the Lakewood Subdivision 
in Timetable No. 2, whieh went into efieet on November 13, 2017.^^ All operating erews were 
required to use the timetable when operating on the subdivision. 

The maximum authorized speed for passenger trains on the Lakewood Subdivision was 
79 mph. At MP 19.8, there was a 30-mph speed restrietion for the sharp eurve."^*’ There was a sign 
atMP 19.8 toindieate the speed restrietion. Two miles before reaehing the eurve, atMP 17.8, there 
were advanee warning speed signs of the upeoming speed restrietion. The signs ‘T-30” and “P- 
30” alerted Talgo (T) and passenger (P) operating erews that a 30-mph speed restrietion entering 
the eurve was 2 miles ahead. The advanee warning signs have yellow baekgrounds and blaek letters 
and/or numbers, exeept signs for Talgo operations have blaek baekgrounds and yellow letters and 
numbers. (See figures 40 and 41.) 


Title 49 CFR Part 213, “Track Safety Standards.” 

The timetable was prepared by BNSF (the former owner of the Lakewood Subdivision) for Sound Transit. 
The curve was an 8° 22-minute curve. 
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Figure 40. Two-mile advance warning speed sign at MP 17.8- 30 mph. 
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Figure 41. Speed restriction sign at entrance to curve MP 19.8 - 30 mph. 


Sound Transit had adopted the BNSF’s (former owner of the Lakewood Subdivision) 
standard plan for the display of signs. The following were the instruetions for the placement of 
advance warnings of a speed restriction; 

Advance warning signs as for as feasible [are] located two miles in advance of a 
lower speed sign [o]n those lines where both freight and passenger trains operate... 


1.16 Signal and Train Control 

The Lakewood Subdivision was 20.7 miles of centralized traffie control (CTC) signalized 
territory owned by Sound Transit and dispatched by BNSF in Fort Worth, Texas.About 5 miles 
of the subdivision was multiple main, however, it was single main train at the accident loeation. 
There are 21 pub lie highway grade erossings and 1 private erossing. The pub lie highway grade 
erossings were protected with gates and lights. 


Train movements in CTC are authorized by signal indication controlled by a train dispatcher at a remote 
location. 
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1.16.1 Positive Train Controi 

Sound Transit was in the proeess of installing positive train eontrol (PTC) on the Lakewood 
Subdivision. There are three primary projeets assoeiated with aetivating PTC: (1) wayside 
hardware and eornrnunieatiori, (2) loeomotive hardware (this also ineludes training operating 
employees), and (3) an overall eornrnunieation network between loeomotives, wayside, and the 
train dispatehing “baek offiee.” Sound Transit had eompleted the first two of these projeets and 
was working with BNSF on the eoordination with the train dispatehing system when the aeeident 
oeeurred. 
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2.Analysis 

2.1 Introduction 

The loeomotive engineer of train 501 had been a eertified engineer for nearfy 4 years, and 
the eonduetor qualifying on the territory had been a qualified eonduetor for nearly 6 years. Both 
had maintained regular work and rest sehedules on the days leading up to the aeeident, and there 
was no evidenee that either had suffered from fatigue. The engineer was sueeesslully being treated 
for OSA, type-2 diabetes, hypertension, and high eholesteroL The eonduetor was in good health. 
Neither was impaired by drugs or aleohol, and neither was using a eell phone or other personal 
eleetronie deviee while operating the traia Neither had previous diseiplinary aetions. They were 
not distraeted by problems with the passengers. At the time of the aeeident, there was slight 
preeipitation and it was generally dark outside. 

The loeomotive and the passenger railears passed postaeeident meehanieal inspeetions. A 
review of preaeeident testing did not reveal any funetional defeets. 

Investigators examined the reeords for traek and signal inspeetions and maintenanee. The 
undamaged traek was examined during the on-seene investigation. The traek and signal system 
were inspeeted and maintained wit hin regulatory standards, and no traek or signal anomalies were 
diseovered after the derailment. 

The NTSB eoneludes that none of the following was a laetor in this aeeident: the 
meehanieal readiness of the train, the eondition of the traek or signal system, the weather, eell 
phone use, medieal eonditions of the Amtrak engineer, use of aleohol or other dmgs, fatigue, or 
any impairment or distraetion. 

2.2 Inward-Facing Audio and Image Recorders 

The Charger loeomotive was equipped with an inward-feeing image reeorder that provided 
investigators with both a visual and audio reeording of the erewmember aetivities during the 
aeeident trip. Amtrak installed these deviees even though they are not required by the FRA. 

The NTSB has determined that dozens of previous railroad aeoident investigations would 
have benefitted from this teehnology. In a number of these aeeidents, the operator was killed, 
seriously injured, or eould not reeall details moments before the aeeident. However, even in the 
eases where the operator was not injured, audio and image reeorders eould be used to help verify 
what might have been seen and what aetions were taken during the aeeident sequenee. 

For instanee, inward-feeing eameras were benefieial in reeent aeeident investigations, 
ineluding the January 4, 2017, eoUision of two Southeastern Pennsylvania Transportation 
Authority trolleys in Philadelphia, Pennsylvania, and the April 3, 2016, Amtrak aeeident in 
Chester, Pennsylvania (NTSB 2018) (NTSB 2017). In those aeeidents, as well as this one, 
investigators used the image reeordings to gather additional pertinent information about the entire 
aeeident sequenee and used the audio reeordings to eorroborate the statements made by the 
operating erews. In turn, this information was used to develop reeommendations to improve the 
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safety of train operations. These types of reeorders are also eritioal to improving operational safety 
and management oversight. 

Unfortunately, in many other railroad aeeidents, the NTSB has not been able to determine 
the aetions of the erewmembers operating the train due to the laek of inward-faeing image and 
audio reeordings. For instanee, in the April 28, 2015, aeeident involving a Southwestern Railroad 
train in Roswell, New Mexieo, a member of the train erew was under the influenee of marijuana 
(NTSB 2018a). However, the absenee of image and audio reeordings prevented the NTSB from 
determining the aetions of the erewmembers leading up to the aeeident. 

The NTSB had similar issues when investigating the September 12, 2008, aeeident in 
Chatsworth, California (NTSB 2010). The NTSB was unable to determine the aetions of the 
Metro link engineer leading up to the eoUision and after diseovering some illieit aetivities by the 
engineer during previous trips. The NTSB realized that the railroad had no way of monitoring the 
engineer’s aetivities to ensure appropriate behaviors. This aeeident, in whieh 25 people were killed 
and 102 people were injured, underseored the importanee of understanding the aetivities of 
erewmembers in the time leading up to the aeeident. As a result of that investigation, the NTSB 
made the following safety reeommendations to the FRA: 

Require the installation, in all eontroUing loeomotive eabs and eab oar operating 
oompartments, of orash- and fire-pro tooted inward- and outward-faeing audio and 
image reeorders oapable of providing reeordings to verify that train erew aetions 
are in aooordanoe with rules and prooedures that are essential to safety as well as 
train oonditions. The devioes should have a min imum 12-hour oontinuous reoording 
oapability with reeordings that are easify aooessible for review, with appropriate 
limitations on pub lie release, for the investigation of aeeidents or for use by 
management in oarrying out effioienoy testing and systemwide performanoe 
monitoring programs. (R-10-1) 

Require that railroads regularly review and use in-eab audio and image reeordings 
(with appropriate limitations on publie release), in eonjunetion with other 
performanee data, to verify that train erew aetions are in aeeordanee with rules and 
proeedures that are essential to safety. (R-10-2) 

The NTSB reiterated these reeommendations following the May 12, 2015, derailment of 
an Amtrak passenger train in Philadelphia, Pennsylvania, in whieh 8 passengers died and over 
200 passengers were injured (NTSB 2016). At the time, the FRA said that it had begun the proeess 
of issifrng a notiee of proposed rulemaking mandating the installation of inward- and 

outward-feeing audio and image reeorders in the eontroUing loeomotive eab and eab ear operating 
eompartments. 

The NTSB eontinues tobeUeve that inward- and outward-feeing audio and image reeorders 
improve the quaUty of aeoident investigations and provide the opportunity for proaetive steps by 
railroad management and the FRA to improve operational safety. Consequently, in the Roswell 
aeeident, the NTSB again reiterated Safety Reeommendation R-10-1 and 
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Safety Reeommendation R-10-2 to the FRA."^^ The eurrent status of those reeommendations is 
“Open—^Aeeeptable Response.” 

The NTSB is also aware that, not later than 2 years alter the date of FAST Aet, the Seeretary 
of Transportation shall promulgate regulations to require eaeh railroad earrier that provides 
regularly seheduled intereity rail passenger oreommuter rail passenger transportation to the pub lie 
to install inward- and outward-feeing image reeording deviees in all eontroUing loeomotive eabs 
and eab ear operating eompartments in such passenger trains. This rulemaking required the 
installation of inward- and outward-feeing loeomotive image reeorders on eontroUing loeomotive s 
of passenger trains. The reeordings would be used to help determine the eause of railroad aeeidents 
and to prevent similar aeeidents. 

The NTSB notes that the FAST Aet does not require in-eab audio. The NTSB believes that 
both image and audio reeording deviees are needed to eonduet eomprehensive aeeident 
investigations. Regardless, the FRA has not developed regulations requiring the installation of any 
reeording deviees in intereity rail passenger or eommuter passenger transportation, despite the 
passing of the 2-year deadline. 

The NTSB eoneludes that this aeeident has demonstrated the value of image and audio data 
for the aeeident investigation and development of safety reeommendations. Nonetheless, after six 
reiterations of the NTSB’s Safety Reeommendation R-10-01, the FRA has not taken positive 
aetion regarding inward-feeing deviees nor developed inward-feeing reeorder regulations 
diseussed in the FAST Aet. Therefore, the NTSB eoneludes that the FRA has demonstrated an 
unwillingness to implement the reeommendations and regulation that would require inward-feeing 
video and audio deviees that are eritieal to aeoident investigations and improving safety on our 
nation’s railroads. Further, the NTSB eoneludes that inward-feeing reeorders with both image and 
audio eapabilities ean inerease the understanding of the eireumstanees of an aeoident, and, 
ultimately, provide greater preoision in safety reeommendations and subsequent safety 
improvements. Therefore, the NTSB reoommends that the United States Seeretary of 
Transportation require the FRA to oomply with the FAST Aet and issue regulations for 
inward-feeing reeorder regulations that inolude audio reeordings as reoommended by NTSB in 
Safety Reeommendations R-10-01 and R-10-02. 

2.3 Positive Train Control 

At the time of the aeoident, BNSF, Amtrak, and Sound Transit were still working on the 
installation, testing and verilioation, and validation of the PTC system PTC, as mandated by 
Congress, must be designed to prevent train-to-train ooUisions; derailments oaused by exoessive 
speed; unauthorized inoursions by trains onto seotions of traok where maintenanoe aotivities are 
taking plaoe; and the movement of a train through a traok switoh left in the wrong positioa Sinoe 
installation and testing was not oomplete, the PTC system was not in operation at the time of the 
aeoident. 


At the time of the accident, Southwestern Railroad had a lease with BNSF to operate trains and maintain the 
track from Clovis, New Mexico, to Carlsbad, New Mexico. However, since then, BNSF has terminated the lease and 
currently operates this track with its own personneland equipment. 
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The NTSB reeognizes that had PTC been operational, the engineer would have been 
notified of his loeation and speed in the eab. With PTC, a sereen displays the train’s loeation to 
the engineer and warns of an upeoming speed reduetioa If the engineer does not respond 
appropriately to the speed reduetion, PTC will stop the train. Therefore, the NTSB eoneludes that 
had the PTC system been fully installed and operational at the time of the aeeident, it would have 
intervened to stop train prior to the eurve, thus preventing the aeeident. 

2.4 Human Performance 

The engineer of train 501 qualified on the Point Delianoe Bypass 2 days before the aeeident 
oeeurred. The aeeident trip was his first time operating on the territory in revenue serviee and 
without supervision. He was aoeompanied in the operating eompartment by a qualifying eonduetor 
who was making his first trip over that territory. The engineer’s qualifieation training inetuded a 
number of observation rides, then making two northbound and one southbound trips while 
operating the train under supervision of a road foreman. Some of these trips were made on the 
Charger loeomotive, the type of lead loeomotive involved in the aeeident. The engineer was aware 
of the 30-mph eurve at MP 19.8. On the morning of the aeeident the road foreman phoned the 
engineer and reealled saying “remember the eurve, slow down earfy, take your time, be eareful. ” 
However, while traversing the territory, the engineer missed key wayside milepost signs and 
ultimately was surprised that he had reaehed the eurve in an overspeed state. 

During the review of the inward-feeing eab video and audio, investigators determined that 
the brief eonversations between the engineer and the eonduetor during the trip did not distraet them 
from their operational duties or hamper their ability to identify wayside signs. During the time the 
engineer missed signs between MP 18 and MP 19, he was looking ahead and not engaged in 
eonversatioa Moreover, the erew’s brief exehange after MP 19 was halted when the overspeed 
alarm was aetivated, whieh allowed the engineer to assess the situation without interferenee. 

Loeal Amtrak supervisors and a BLET loeal ehairman did not believe that the physieal 
eharaeteristies of a territory was partieularly dftfieult to learn. They reeognized that the 30-mph 
eurve at MP 19.8 posed the greatest potential hazard and believed that their training on the physieal 
eharaeteristies of the territory provided engineers with the neeessary skills to operate a train safely 
over the new territory. They also believed that the training on the Charger loeomotive that oeeurred 
before the inaugural operations on the Point Defianee Bypass was adequate. The NTSB, however, 
is eoneemed that engineers operating on the new Point Defianee Bypass territory needed additional 
eompeteney in both the features of the Charger loeomotive and the physieal eharaeteristies of the 
territory. Typieally, engineers qualify on territories while operating loeomotives with whieh they 
are familiar. Their profieieney with the loeomotive allows them to foeus on the details of the 
territory without having to also learn the partieulars of the equipment. In this aeeident, however, 
the engineer onfy had rudimentary knowledge and experienee with both the Charger loeomotive 
and the physieal eharaeteristies of the territory. He may not have developed the neeessary 
eompeteney to manage ambiguous situations - sueh as unfa miliar loeomotive alarms while 
eoneurrently maintaining a vigilant wateh on the territory being traversed. To understand this, 
NTSB investigators examined the Amtrak engineer’s training on both the territory and the 
equipment to operate safety in all eonditions. 
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2.4.1 Qualification Trips on the Territory 

Amtrak supervisors developed the training needed to qualify operating erews on the 
physieal eharaeteristies of the Lakewood Subdivision. While some Amtrak offieials mentioned 
that they would have preferred additional training time (to expose erews to both daytime and 
nighttime operations, for example), they believed that the number of observation rides and aetual 
throttle time provided was suffieient. Both the Amtrak engineer and the road foreman of engines 
(Amtrak supervisor at Seattle) overseeing the engineer’s qualifieation runs believed that the 
qualifieation training was adequate. 

The Amtrak engineer was aware of the eurve at MP 19.8 and the 30-mph speed restrietion. 
As he operated over the territory toward that eurve, he relied on MP signs to help him identify his 
loeation. He had sueeessfully identified MP 16 and MP 17. He did not reeall seeing the advaneed 
warning speed reduetion sign at MP 17.8, whieh is 2 miles from the eurve at MP 19.8. While this 
sign is signifieant to freight operations that initiate braking at this loeation, it did not have 
operational relevanee for the Amtrak engineer whose strategy was to initiate braking about one 
mile from the eurve. However, he did not see the sign atMP 18, despite not being distraeted by or 
engaged in another task as he approaehed that sign."^^ He also did not see the sign at the signal at 
MP 18.8, the loeation where he planned to initiate braking. Investigators noted, however, that thi s 
sign was highly ineonspieuous beeause it blended in with the signal box direetfy behind it. 

The Amtrak engineer, on other territories where he had eonsiderable experienee, used 
stationary objeets sueh as bridges, buildings, siding switehes, and signals as eues of his loeation. 
Sueh external eues are typieally developed over time as operating erews beeome more familiar 
with the territory. On the Lakewood Subdivision, a potential landmark eould have been the 1-5 
overpass between MP 18 and MP 18.8. However, beeause of his min imal exposure with the 
territory, one operating trip in the dark in the southbound direetion, the engineer had not 
established or used wayside landmarks to help him identify his loeation. 

As previously diseussed, the Amtrak engineer passed, on the first attempt, his written exam 
on the physieal eharaeteristies of the territory whieh ineluded a question about the eurve at 
MP 19.8. While the examination eontained questions about signage, it did not inelude questions 
regarding the use of landmarks that eould aid the erew in identifying the train’s loeation. Operating 
erews with limited experienee on a territory refy more heavily on wayside signage, and those who 
foil to see the wayside signs are more prone to misidentify their loeation. Without the use of 
landmarks, the Amtrak engineer did not reeognize that he had passed the signs at MP 18 and 
MP 18.8. Consequently, he initially misidentified the signal entering the eurve atMP 19.8 as being 
the signal atMP 18.8. 

The NTSB eoneludes that the Amtrak qualifieation program for the Point Defianee Bypass 
did not efieetively train and test qualifying erewmembers on the physieal eharaeteristies of a new 
territory. Therefore, the NTSB reeommends that Amtrak ensure operating erewmembers 
demonstrate their profieieney on the physieal eharaeteristies of a territory by using all resourees 


It is unclear if background lights from the highway affected his vision. 
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available to them, ineluding: in-eab instruments, signage, signals, and landmarks; under daylight 
and nighttime eonditions; and during observation rides, throttle time, and written examinations. 

2.4.2 Training on the Equipment 

The Amtrak engineer partieipated in group training for the Charger loeomotive several 
months before his first trip. This involved elassroom instmetion, as well as exposure to the 
operating eompartment and familiarization with the display sereens and eontrols. The engineers, 
however, did not have the opportunity to operate the Charger loeomotive during that initial training 
period. Moreover, during the quaffieation proeess, the observation rides and time spent operating 
the train were only oeeasionally performed on the Charger loeomotive. This limited their 
opportunity to experienee all elements of the eontrols, ineluding the audio and visual alerts/alarms, 
as well as the operating eonsequenees assoeiated with those alarm Speeilieally, the engineer had 
not seen or heard the alarm assoeiated with an overspeed situation, nor praetieed the appropriate 
response for an overspeed alarm 

The engineer noted to investigators that beeause this was his first “solo” trip in the 
loeomotive, he wanted to “sit in the seat, ... familiarize myself with the position of the gauges and 
what they were going to tell me,” however, the engineer further stated that he was unable to do 
t his due to the meehanies of eontinued troubleshooting of the train. Based on his statement to 
investigators, the engineer did not have as mueh time as he would have liked to familiarize him self 
with the new loeomotive just prior to pieking up passengers at the Seattle King Street Station. 

In this aeeident, the engineer said many times he was u nfamiliar with the overspeed alarm 
in the Charger loeomotive. Investigators were able to determine that the loeomotive was 
manufaetured to meet AAR speeifieation M-591, Loeomotive System Integration Operating 
Display (2010). The standardization of loeomotive alarms and eontrols is reeogrdzed as a benefit 
to all train erews. This standard applies to all new road loeomotives equipped with eleetronies 
ordered after January 1, 2008. The seope of this standard states the following: 

This doeument defines the basie requirements for an industry standard visual 
display of loeomotive operating information. This display is a part of the user 
interfaee between the operator and the integrated eab eleetronies environment. It is 
intended that the speeifieation of these items will define a display eoneept that 
aehieves a level of standardization while allowing enough flexibility to eneourage 
innovation and aoeommodating unique railroad requirements. 

AAR Standard M-591 defines loeation, size, text, eolor, audio (when required), and priority 
for eaeh standard eritioal warning alarm that would inelude overspeed alarms. 

Early into the aeeident trip, the engineer told the eonduetor that this was a learning 
experienee for him, ineluding what throttle position he needed to use to maintain speed. He made 
all station stops without ineident. However, while operating over the portion of the territory on 
which he had experienee, his train exeeeded the temporary restrieted speed by about 10 mph. It is 
unelear if that was the result of him being unaware of the speed restrietion or if he mismanaged 
the train’s speed. 
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The mile of traek leading up to the aeeident eurve was a eritieal portion of the trip. The 
engineer had planned to use the sign atMP 18.8 as his eue to initiate braking to slow the train for 
the MP 19.8 eurve 1 mile away. However, he missed that sign and did not slow the train when he 
passed that area. He eontinued to look forward and outside the front windshield. 

Just over 1/2-mile (and about 27 seeonds) from the aeeident eurve, with the train traveling 
at 82 mph, the engineer heard a series of double beeps, saw flashing text on one sereen, and saw 
illuminated lights on another sereen. His foeus then shifted from outside the train to the inside as 
he anafyzed the audible and visual alarms that he had not previously experieneed on this 
loeomotive. Speeifioally, he spent most of the next 20 seeonds looking at the sereens on the eontrol 
panel, trying to understand the meaning and implieations of the alerts. During this period, he briefly 
looked up and saw the signal at MP 19.8, but initially believed that was the signal at MP 18.8. He 
then returned his gaze to the eontrol sereens and finally reeognized that he had tripped the 
overspeed alarm However, this reeognition oeeurred onfy about 5 seeonds before the train reaehed 
the eurve. 

For an extended period, the engineer was unelear about the meaning of the audible and 
visual alerts and the relevanee to train operations. His prolonged attention on the eontrol sereens, 
at the expense of looking outside the eab, minimized his opportunity to sean the territory and 
identify his loeation or potential hazards. Moreover, his foeus on the alarms likefy afieeted his 
sense of the time and distanee his train had traveled. Consequently, he was unaware that he was 
nearing the eurve in the moments prior to the aeeident. If the engineer had been familiar with the 
overspeed alarm, he likefy would have spent less time managing the alarm and maintained greater 
vigilanee outside the loeomotive. Therefore, the NTSB eonetudes that Amtrak did not provide 
suflSeient training on all eharaeteristies of the Charger loeomotive. The NTSB further eonetudes 
that the engineer’s unfamiliarity with, and fixation on, the audible and visual alerts assoeiated with 
the overspeed alarm redueed his vigilanee of events outside the loeomotive moments before the 
aeeident. Therefore, the NTSB reeommends that Amtrak revise its elassroom and road training 
program to ensure that operating erews fully understand all loeomotive operating eharaeteristies, 
alarms, and the appropriate response to abnormal eonditions. 

Amtrak’s loeomotive engineer training program for the northeast eorridor efieetively uses 
train simulators to help familiarize trainees on loeomotives and on the territory where they operate. 
Simulator training provides trainees with the opportunity to experienee and respond to a wider 
range of events over a shorter period of time. However, Amtrak has not initiated widespread use 
of simulator training, partieularfy with engineers operating new or unfa miliar equipment. The 
NTSB eonetudes that engineers eoiftd better master the eharaeteristies of a new loeomotive or 
territory with the use of simulators. Therefore, the NTSB reeommends that Amtrak require that all 
engineers undergo simulator training before operating new or u nfamiliar equipment (at a 
minimum, experienee and respond properly to all alarms), and when possible, undergo simulator 
training before operating in revenue serviee in a new territory and experienee normal and abnormal 
eonditions on that territory. 

2.4.3 Developing Training Programs 

This aeeident illustrated that external ehallenges (sueh as operating on a new territory) ean 
adversely interaet with internal demands (sueh as operating a new loeomotive with unique alarms 
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and displays, or with new erewmembers) and alFeet safe train operations. These faetors must be 
eonsidered when developing an efieetive training and qualifieation program. Rather than relying 
primarily on subjeetive measures or individual experienees to develop a training program, a task 
analysis ean objeetively identify the skills required for safe operations. A task analysis is the 
systematie identifieation of the fundamental elements of the tasks eomprising a job, and the 
examination of the knowledge and skills required for sueeessfolly eompfeting the job. This 
information ean be used to develop training programs and evaluation tools. 

An FRA report reeognizes eognitive tasks analysis (CTA) as a means to “identify and take 
into aeeount the eognitive requirements inherent in performing eompfex work” sueh as operating 
a train (FRA 2013). The report further states: 

Cognitive task analysis methods provide a means to explieitly identify the 
knowledge and mental proeessing demands of eognitive work (e.g., what 
knowledge and skills people need to learn to do the job; what things they need to 
attend to and what mental eafeulations they must make to perform a task). CTA 
methods also provide a means to identify the kinds of errors that workers are prone 
to and the faetors that eontribute to those errors (e.g., eonfusable displays, high 
workload, laek of understanding of how the teehnology works). 

Amtrak used subjeetive evaluations in lieu of objeetive eriteria to determine if employees 
were qualified on the Point Defianee Bypass. There was no written evidenee that Amtrak had 
developed a task analysis of the skills neeessary to safety operate on the bypass. Further, Amtrak 
had no objeetive performanee eriteria to evaluate operating employees on their ability to operate 
safety on the new territory. The NTSB eonetudes that a systematie approaeh to training would 
have aided Amtrak managers in reeognizing the ehallenge of operating new equipment on new 
territories. Therefore, the NTSB reeommends that Amtrak implement a formal, systematie 
approaeh to developing training and qualifieation programs to identify the most effeetive strategies 
for preparing erewmembers to safety operate new equipment on new territories. 

2.4.4 Advance Warning Speed Reduction Signs 

Investigators noted advanee warning speed reduetion signs (‘T-30” and “P-30”) on the 
Point Defianee Bypass at MP 17.8 alerting Talgo (T) and passenger (P) operating erews that a 
30-mph speed restrietion entering the eurve was 2 miles ahead. The BNSF rulebook (that applied 
to the bypass) speeified that the advanee warning sign will be plaeed 2 miles in advanee of the 
loeation where the lower speed takes effeet. This loeation may be based on several faetors, 
ineluding the braking distanees for freight trains, whieh may require 2 miles to safety slow the 
train. On the Point Defianee Bypass, this rule applied to Talgo and passenger trains when there 
was an upeoming signifieant speed reduetion requirement."^^ The rulebook also indieates that a 
sign repeating the permissihle speed be plaeed at the point where the redueed speed applied (such 


As discussed in this report, the potential errors presented in the FRA study occurred in the DuPont accident. 
There was not an advance warning sign for freight trains at this location because freight trains were already 
operating at a slower speed. 
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as at the entranee of a eurve). Investigators noted that there was no additional signage indieating a 
speed reduetion until the entranee of the eurve. 

The BLET loeal ehairman stated that while operating erews do not normally use advaneed 
warning signs, they are important to use in a new territory. The Amtrak engineer did not reeall 
observing the advanee warning sign at MP 17.8, in part, beeause it was loeated too far in advanee 
of the eurve for him to be eoneemed about slowing down at that point. An Amtrak offieial 
suggested that the advanee warning signs may have immediate signifieanee for freight trains who 
initiate braking about 2 miles before the eurve but have less benefit for passenger operations, who 
typieally begin braking about 1 mile before reaehing the eurve. 

Advanee warning signs provide an added layer of safety for operating erews, partieularly 
those who are new to the territory. The NTSB, however, eontends that a single sign installed 
2 miles from a speed reduetion may not provide equal and optimal levels of safety for freight, 
Talgo, and passenger train erews. For instanee, an operating erew of the freight train may use the 
advanee warning sign as aeue to immediately begin braking. However, beeause he had no need to 
initiate braking at that loeation, the Amtrak engineer paid little attention to that sign beeause it did 
not immediately afreet his train operations. 

Human faetors researeh has found that efreetive warnings must initially attraet attention 
and stand out from the baekground (such as be salient or eonspieuous) partieularly in eluttered 
environments where other stimuli eompete for their attention (Wogalter and Laughery 1996). 
Thus, eonsideration must be given to the design of warning signs, ineluding its shape, print size, 
eolor, eontrast to the baekground, loeation (both spatial and temporal), illumination, and passive 
vs. aetive (for instanee, flashing) to enhanee their salieney. 

The highway industry uses warning signs to alert drivers of an upeoming speed reduetion. 
Supplemental warning plaques may be used in eombination with warning signs when road 
engineering assessments reveal that drivers require additional warning information beyond that 
eontained in the main message of the warning sign. These supplemental plaques inelude distanee 
ahead plaques, whieh may be used to inform drivers of the distanee to the eondition indieated by 
the warning sign. For example, the distanee ahead plaques may display “2 MIFFS”, “1 MIFF”, 
and “500 FEET.” 

In this aeeident, the Amtrak engineer may have benefited from supplemental warning 
plaques eloser to the eurve. Supplemental warning plaques strategieally installed between MP 17.8 
and the eurve at MP 19.8 (for instanee, at or near MP 18.8 where he planned to initiate braking) 
may have aided the Amtrak engineer in identifying his loeation and prompted him to begin slowing 
his train for the upeoming 30-mph eurve. The NTSB eoneludes that supplemental warning plaques, 
such as distance ahead plaques, or other types of eonspieuous signs strategioally positioned after 
an advanee warning speed reduetion sign would provide enhaneed visibility as an added level of 
safety for operating erews of passenger and freight trains. Therefore, the NTSB reeommends that 
Amtrak work with host railroads and states that own infrastrueture over whieh you operate to 
eonduet a eomprehensive assessment of the territories to ensure that neeessary waj^ide signs and 
plaques are identified, highly eonspieuous, and strategioally boated to provide operating erews the 
information needed to safely operate their trains. Additionally, the NTSB reoommends that the 
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FRA study the effieaey of how signs used in other modes of transportation may be etfeetively used 
in the railroad industry. 

2.4.5 Qualifying Conductor Role and Responsibilities 

Conduetors and loeomotive engineers jointly eontribute to the set of eognitive aetivities 
required to operate the train safely and effieiently. Conduetors not onfy serve as a “seeond pair of 
eyes,” alerting the loeomotive engineer to upeoming signals and potential hazards (sueh as aetivity 
at grade erossings or people working on or about the traek), they also eontribute knowledge and 
deeision-making to the loeomotive engineer when the erew is laeed with ehallenging situations 
(Rosenhand, Roth, and Multer 2012). 

The Amtrak engineer and qualifying eonduetor ealled out signals on the aeeident trip. But 
eaeh erewmember believed that the qualifying eonduetor, who had no lamiliarity with the territory, 
had little responsibility beyond that. The qualifying eonduetor used this trip to lamiliarize him self 
with the territory, and mos% took a passive role in train operations. Amtrak olfieials believed that 
qualifying eonduetors riding on the head end eould have a greater role in train operations, ineluding 
ealling out signals and restrietions, and helping with radio eommunieations. The NTSB also 
reeognizes that the qualifying eonduetor had not previously traversed the Point Defianee Bypass, 
and eonsequently, would not have been expeeted to perform all the duties of a eonduetor qualified 
on the territory. 

Investigators, however, eonsidered if all erewmembers, even those unqualified on a 
territory, eould potentially perform a eritieal role in establishing safe train operations. The Amtrak 
engineer, though qualified, had minim al experienee on the territory. The qualifying eonduetor 
knew that this was the engineer’s first revenue trip on the new territory, and earfy in the trip the 
engineer told him that he was still beeoming familiar with the loeomotive. Given these 
eireumstanees, the NTSB suggests that a qualifying eonduetor eould have had an even greater role 
in establishing and maintaining safe operations. For instanee, a qualifying eonduetor eould have 
assisted the engineer in identifying eritieal signs, sueh as MP 18.8, where the engineer planned to 
initiate braking for the upeoming eurve. Moments before the aeeident the engineer experieneed 
some eonfiision, beeame fixated on the eomputer eontrol displa>«, and was not looking outside the 
loeomotive eab on a eontinuous basis. A erewmember trained in Crew Resouree Management 
(CRM) prineiples may have reeognized these behaviors as elues that an error ehain is in progress 
that may lead to an aeeident and expressed his eoneems to the engineer (Adelsohn 2019)."^^ 
Amtrak’s CRM program aeknowledges the importanee of reeognizing deteriorating situations, and 
the need to aet to prevent aeeidents. At the very least, a qualifying erewmember eould have taken 


(a) New Amtrak hires receive CRM training once at Amtrak’s training center in Wilmington, Delaware, or 
attending a new hire class in the field. All other transportation employees are scheduled annually during recurrent 
training, (b) One concept in human error is the error chain, that suggests in each accident there are a series of errors 
that link togetherto form the error chain that is not broken in time to prevent the accident. However, if one link of the 
chain were broken, the accident would not occur. 
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a more aetive role in maintaining vigilanee outside and deteeting potential hazards ahead, 
ineluding the upeoming eurve."^^ 

Moreover, Amtrak’s CRM program reeognizes the impediments to teamwork and 
eornrnunieatiori, sueh as eompartmentalizing jobs or duties, and how junior erewmembers eould 
provide valuable input. In this aeeident, the NTSB understands that the qualifying eonduetor 
pereeived his trip as a learning experienee, and the Board does not believe that his perlbrmanee 
was unexpeeted. The NTSB, however, suggests that qualifying erewmembers, if effeetively used, 
ean be valuable assets to train operations. The NTSB eoneludes that erewmembers qualifying on 
a territory ean and should play an aetive role in establishing and maintaining safe train operations. 
Consequently, the NTSB reeommends that Amtrak eonduct training that speeilies and reinforees 
how eaeh erewmember, ineluding those who have not reeeived their eertilieations or 
quaffieations, may be used as a resouree to assist in establishing and maintaining safe train 
operations. 

2.5 Preparation for Inaugural Cascades Service on Bypass 

2.5.1 Multiple Agency/Organization Coordination 

The preparation for the inaugural run of the Caseades serviee on the Point Delianoe Bypass 
was eomplex sinee it involved eoordination between Sound Transit, WSDOT, Amtrak, and the 
FRA over a new seetion of traek that was not outfitted with PTC. Eaeh organization had eritioal 
roles in ensuring safe operation of the new serviee. 

However, the NTSB’s review of the eoordination between these organizations shows 
ineonsisteneies and laek of defined responsibilities. Investigators found that not every ageney was 
represented eonsistently during all the preparation meetings. During interviews with ageney 
representatives, and from the evidenee provided at the NTSB investigative hearing, it was evident 
that the responsibility of eaeh ageney was unelear. During the NTSB investigative hearing on this 
aeeident. Member Earl Weener asked the following question to management representatives from 
the agencies involved in the Point Defianee Bypass Projeet: 

Then we eome to the one that eonfeised me, the design responsibility, in partieular, 
that eurve that is so troublesome here. 1 was a Board Member on seene at Spuyten 
Duyvil and that was a similar ease of 80 miles an hour into a 30-mile-an-hour eurve, 
and it had very predietable results. Physies does that. Usually in the design proeess, 
when you, as a designer or an engineer, realize that you've got a problem area, you 
try to figure out what the mitigation is. In this ease, this eurve was problematie. 

Who had the responsibility to point out or determine or take a first eraek at the 
mitigations for an 80-mile-an-hour to a 30-mile-an-hour eurve? 

After a long pause, no one responded Ifom the panel and Member Weener eommented: 


An analogous function is performed in the marine industry by a “lookout.” A lookout is a crewmember at the 
ship’s bridge who maintains a continuous watch and reports any kind of navigational hazard - including other ships, 
debris, floating objects - to the officer on watch. 
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That’s what I was afraid of So, nobody’s responsible lor the mitigation, the 
potential mitigation or at least the identifieation of that eurve as being as 
problematie as it turned out to be? 

Member Weener’s exehange during the hearing highlights the general sense that none of 
the partieipants understood the seope of their roles and responsibilities as they pertained to the safe 
operations of the serviee. The NTSB eoneludes that had the WSDOT, Sound Transit, Amtrak, and 
the FRA been more engaged and assertive, and had elearfy defined roles and responsibilities during 
the preparation of the inaugural serviee, it would have been more likefy that safety hazards, sueh 
as the speed reduction for the eurve, would have been better identified and addressed. 

2.5.2 Railroad System Safety Analysis 

Fatal derailments of two passenger trains led the FRA to develop and issue several 
emergeney orders (EO) and safety advisories (SA) in 2013 and 2015."^^ They inehided: 

• EO 29 - sent to Metro-North Raihoad after the Spuyten Duyvil derailment to 
identify all eurve loeations with speed reduetions of 20 mph or greater and mitigate 
risks of overspeed derailments through signal modifieations, PTC, erew foeus 
areas, and/or enhaneed signage. 

• EO 31 - sent to Amtrak after the Philadelphia derailment to foeus on the Northeast 
Corridor, identify all eurve loeations with speed reduetions of 20 mph or greater 
and mitigate risks of overspeed derailments through signal modifieations, PTC, 
erew foeus areas, and/or enhaneed signage. 

• SA 2013-8 - sent to all passenger and intereity raihoads to inform them of the 
eireumstanees of the Metro-North derailment and to foeus eomplianee efforts on 
maximum authorized speed and permanent speed restrietion loeations. 

• SA 2015-3 - sent to all passenger and intereity raihoads to inform them of the 
eheumstanees of the Amtrak Philadelphia derailment and to survey their terrhories 
for all loeations with permanent speed reductions of 20 mph or greater and to 
mitigate through signal modifieations, PTC, erew foeus zones, and or enhaneed 
signage. 

The two derailments oeeurred within 18 months of eaeh other and involved passenger trains 
exeeeding speed limits through eurves. 

The PAST Aet also requhed the ERA to submit a report to Congress speeifying ERA 
aetions taken and summarizing eompletion status by all intereity passenger and eommuter raihoads 
to address safety eoneems highlighted by ERA in EO 29, EO 31, SA 2013-8, and SA2015-3. The 


These two accidents were the December 1, 2013, accident at Spuyten Duyvil, Bronx, New York, involving 
Metro-North passengertrain 8808, and the May 12, 2015, accident near Philadelphia, Pennsylvania, involving Amtrak 
passenger train 188. 
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report was submitted in May 2016. Both Sound Transit and Amtrak provided responses to all these 
EOs and SAs. 

The FAST Aet required eaeh railroad earrier providing intereity rail passenger 
transportation or eommuter rail passenger transportation, in eonsultation with host railroad 
earriers, to survey their s>«tems and identify eaeh main traek loeation where there is a reduction 
of more than 20 mph from the approaeh speed to a eurve, bridge, or tunnel, and the maximum 
authorized operating speed for passenger trains at that eurve, bridge, or tunnel, and develop 
appropriate aetions to enable warning and enforeement of the maximum authorized speed for 
passenger trains at eaeh of those loeations. The plans must be reviewed and approved by the 
Seeretary of Transportation, who is also provided authority to add eonditions to the approval The 
FAST Aet did not require the FRA to eontinue to solieit updates from railroads beyond the initial 
submission deadline, nor did the FRA pursue additional submissions for new or updated routes 
from railroads that owned or operated serviee on sueh routes even though the FRA has authority 
to do so. Beeause the upgrade of the Fakewood Subdivision had not yet oeeurred at the time of the 
EOs or enaetment of the FAST Aet, the aeeident eurve at MP 19.8 was not addressed in any speed 
limit aetion plans. Additionally, the FRA did not require railroads in the planning or eonstmetion 
phases of projeets to evaluate the potential risk to future operational territories, and Sound Transit 
did not appfy risk mitigation strategies as outlined by the FAST Aet on the aeeident eurve at MP 
19.8. 


The NTSB eoneludes that the FRA did not use its authority provided under the Fixing 
Ameriea’s Surlaee Transportation Aet to approve speed limit aetion plans with eonditions to 
require inetusion of planned and under-eonstmetion alignments owned or operated by railroads 
and require periodie updates to railroads’ speed limit aetion plans, whieh led to no speed limit 
aetion plan being developed. 

Although the FRA partieipated in the Fakewood Subdivision projeet through Federal Grant 
Funding Administration and Safety Oversight, FRA olfieials loeated in both headquarters and in 
the field tailed to reeognize that additional hazard mitigations strategies were not implemented by 
Sound Transit or Amtrak on the Fakewood Subdivision at the aeeident loeation. The FAST Aet 
did not require speed limit aetion plans to be submitted lor new or upgraded territories by railroads 
that owned or operated serviee on sueh territories. The NTSB eoneludes that the FRA should have 
ensured that speed limit aetion plans inelude new or updated routes owned or operated by railroads, 
using its authority in the FAST Aet. Therelbre, the NTSB reeommends that the FRA require 
railroads to periodieally review and update their speed limit aetion plans to refieet any operational 
or territorial operating ehanges requiring additional safety mitigations and to eontinually monitor 
the efieetiveness of their speed limit aetion plan mitigations. The NTSB also reeommends that 
FRA require railroads to appty their existing speed limit aetion plan eriteria for overspeed risk 
mitigation to all eurrent and future projeets in the planning, design, and eonstmetion phases, 
ineluding projeets where operations are provided under eontraet. 

2.5.3 Sound Transit 

On November 6,2015, Sound Transit issued Sounder Commuter Rail Timetable #1. This 
timetable ineluded the reeommendation from FRA Safety Advisory 2015-03 by adding General 
Order 5, “Crew Foeus Zones,” whieh required additional safety eornrnunieation between the train 
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erew in advanee of permanent speed restrietions."^^ The onfy applieable loeation of the general 
order at that time was MP 3.4 northbound. At the time of publieation of the timetable and general 
order, there was no passenger rail serviee south of Lakewood. Sound Transit submitted its FAST 
Aet speed limit aetion plan to the FRA on June 28, 2016, and identified one loeation (MP 3.4) 
whieh met the requirement. 

In preparation for the initiation of passenger serviee on the entire Lakewood Subdivision, 
Sound Transit issued Sounder Commuter Rail Timetable #2, in efieet at 0001 Paeifie Continental 
Time, on November 13, 2017. The timetable eontains various speed restrietions and speeifie 
instruetions for freight, Talgo (Amtrak), and Sound Transit trains operating over the Lakewood 
Subdivision. 

In the timetable, the permanent speed restrietion at northbound MP 3.4 where the speed 
drops from 75 mph for Talgo trains at MP 4.1 to 35 mph at MP 3.4 (as previously identified in 
Sound Transit’s FAST Aet Aetion Plan) eontinued to be aeknowledged as a erew foeus zone.^^ 
However, sinee their trains were not operating at the south end of the bypass at that time, Sound 
Transit did not designate MP 19.8 (where Talgo speeds drop from 79 mph to 30 mph) as a erew 
foeus zone. 

By not ineluding MP 19.8 as a erew foeus zone in their timetable, Sound Transit failed to 
appfy the same level of speed restrietion risk mitigation throughout the Lakewood Subdivision. 
When asked about adding MP 19.8 to the erew foeus zone in the timetable, Sound Transit 
operations managers stated that “it would be ineumbent upon Amtrak...on how they will eomply 
with the FAST Aet, not Sound Transit’s or BNSF’s responsibility beeause we don’t operate on the 
part of the territory.” NTSB investigators also found that Sound Transit did not eoordinate with 
Amtrak in the development of the timetable even though Amtrak would be the sole tenant on the 
southern end of the operating territory. The operations manager’s response highlights a 
fundamental laek of understanding of a basie prineiple of raitoading: the owner or host of the 
territory issues a timetable governing the operating speeds and speeial instruetions that appfy to 
tenant railroads. It further highlights both the laek of eoordination between organizations and the 
laek of elear responsibilities between organizations during the safety eertilieation phase of the 
Lakewood Subdivision upgrade projeet. The NTSB eoneludes that Sound Transit did not update 
the timetable on its Lakewood Subdivision to identify the eurve atMP 19.8 as a erew foeus zone, 
whieh would have helped to mitigate the overspeed derailment risk. Therefore, the NTSB 
reeommends that Sound Transit immediately eonduct a review of all operating doeuments and 
ensure that safety mitigations are applied with uniformity throughout the entirety of its territory. 
In areas of its territory where Sound Transit is a host of a tenant railroad, the NTSB reeommends 


(a) The conductormust communicate with the engineer not less than 1 mile from an area where a reduction of 
speed of more than 20 mph takes affect and is required to take appropriate action to ensure the safe operation of the 
train if the engineer fails to acknowledge the restriction, (b) SA 2015-03 required additional safety mitigations at 
locations where there is a speed reduction of more than 20 mph from the approach speed to a curve, bridge, or tunnel 
and the maximum authorized operating speed for passenger trains. 

SA 2015-03 was applicable to all passengerrailroads and railroads thathostpassengerservice. 

Crew focus zones locations where the operating crews are required to communicate warnings of upcoming 

speed restrictions. 
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that Sound Transit eoordinate with all eurrent and any prospeetive tenants on the development of 
operating doeuments ineluding timetables, general orders, and speeial instruetions. 

2.5.4 Amtrak 

In response to FRA Emergeney Order 31, May 23, 2015, Amtrak developed a speed limit 
aetion plan on Jufy 2, 2016, that lists all loeations meeting the mitigation requirements throughout 
the Amtrak National Network where permanent speed restrietions are in plaee. On the day of the 
aeeident, the Lakewood Subdivision was not ineluded in Amtrak’s speed limit aetion plan. In 
interviews with investigators, both Amtrak road foremen notieed that the permanent speed 
restrietion at MP 19.8 should require a FAST Aet speed limit reduetion mitigation but did not 
elevate their eoneems within the Amtrak management ehain. The Amtrak assistant superintendent 
told investigators that the plan was to update Amtrak’s speed limit aetion plan in January (several 
weeks after revenue serviee had begun on the subdivision) through a general order that would be 
issued implementing a “erew foeus zone” at MP 19.8. Aeeording to the assistant superintendent, 
this was the responsibility of the Amtrak Paeifie Northwest Division and was overlooked prior to 
initiating serviee. The NTSB eoneludes that Amtrak failed to update the operating doeuments 
prior to starting revenue serviee whieh would have highlighted the speed reduction at the aeeident 
eurve. The NTSB reeommends that Amtrak update its safety review proeess to ensure that all 
operating doeuments are up to date and aeeurate before initiating new or revised revenue 
operations. 

2.5.5 Safety and Security Management Plan 

Sound Transit eonducts safety verifieation and eertifioation aetivities of new and 
refurbished systems ineluding rolling stoek and infrastrueture in aeeordanee with the 2015 Sound 
Transit Safety and Seeurity Management Plan (SSMP). Sound Transit’s SSMP identifies the 
management stmetures, responsibilities, and authorities for doeumenting and eonfirming the tasks 
neeessary to integrate safety and seeurity into eaeh phase of Sound Transit’s eapital projeets. The 
SSMP also required the evaluation, vertfieation, and doeumentation of statie and dynamio testing 
of installed systems, signage, and elearanees through a safety eertifioation proeess. 

Sound Transit used a oontraotor to build, test, and oommission the newfy refurbished traok, 
infrastrueture, and grade orossings on the Lakewood Subdivision. However, Sound Transit 
remained responsible for oversight of the oontraotor’s work, provided field staff during testing, 
and required oontraotor doeumentation to verify the testing and oommissioning of installed 
equipment in aooordanoe with relevant oontraot speoifioations. Sound Transit’s SSMP identifies 
plans, management struoture, responsibilities, and authority for doeumentation, oonfirmation, 
aetivities, and tasks neeessary to integrate safety and seeurity into eaeh phase of Sound Transit’s 
eapital projeets. The SSMP desoribes the integration of safety and seeurity aetivities, ineluding 
methods for identifying, evaluating, mitigating, and resolving safety hazards and seeurity 
vulnerabilities throughout all phases of the projeot, ineluding preliminary engineering, final 
design, testing and start-up, and revenue serviee. 


The Amtrak Pacific Northwest Division is based in Seattle and responsible for train operations in the 
Northwestern United States. 
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During the earliest phases of the new Lakewood Subdivision project, Sound Transit 
developed a PHA whieh defined hazards present on the system using the methods outlined in 
Sound Transit’s SSMP. In the PHA log dated April 21,2015, Hazard No. SCR-PDB-123 identified 
the hazard of an overspeed derailment in all eurves along the Point Defianee Bypass. Inaoeordanee 
with the SSMP, this hazard was determined to be unaeeeptable, thus requiring the following 
mitigations: 


• Ensure eurves, elevation, and speed limitations are designed aeeording to 
49 CFR 213.57(2), “Curves; elevation and speed limitations.” 

• Develop inspeetion and maintenanee proeedures aeeording to 49 CFR 213.233, 

‘Traek inspeetion” 

• Future implementation of PTC 

Following this mitigation proeess, these mitigations lowered the Ifequeney of the 
oeeurrenee into an undesirable eategory that would require management to sign olf on aeoepting 
the hazard. 

As the Fakewood Subdivision moved eloser to eompletion, the PTC portion of the projeet 
had been delayed. The PHA doeument should have been modified beeause PTC had not been 
implemented. The PHA was never updated to refleet this ehange. With this omission in the PHA, 
Sound Transit turned the projeet over for revenue serviee with minim al eontroUing mitigations for 
speed restrietion at the aeeident eurve (as required by Hazard No. SCR-PDB-123). The final safety 
and seeurity verifieation matrix ineluded the same mitigations that were provided in the PHA; 
however, the timetable had also been added as a eontroUing mitigation. As previously noted, Sound 
Transit’s SSMP referenees “proeedures and training” as the lowest proteetive mitigation. On the 
day of the aeeident the status of the eurve hazard was marked as “Completed Aeeepted.” 

The Sound Transit Systems Integration Test Plan for the Point Defianee Bypass Projeet 
outlined a series of tests to be used to verily that aU designed and eonstrueted systems fimetioned 
in a safe and reliable manner. Completion of the Systems Integration Test Plan (SITP) was a 
prerequisite for issuing the safety eertifieation of the projeet. Seetion 1.6 of the SITP ineluded the 
foUowing required tests: 

• Design qualifieation tests 

• Faetory verifieation tests 

• Construetion inspeetion tests 

• Field inspeetion and installation verifieation tests 

• Aeeeptanee tests 

• Demonstration tests 

• System integration tests 
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• System tamiliarization exereises 

• Prerevenue operations 

Anotieeable omission was the deseription of the last and final test, prerevenue operations. 
Neither an operational hazard anafysis nor a prerevenue operations series of tests were performed 
on the Lakewood Subdivision during the transition from eonstruetion to revenue serviee.^^ By not 
eompleting this type of review and testing, Sound Transit was unable to verily if the mitigations 
developed in the PHA would aetually work to eontrol the hazard under aetual operating eonditions. 

2.5.6 Safety Certification Process (Sound Transit Internai Oversight) 

As defined by the Sound Transit SSMP, the Sound Transit System Safety Certifieation 
Plan (SSCP) required the SQA to ensure that all faeilities, systems equipment, safety proeedures 
and plans, safety training programs, and emergeney preparedness programs eomplied with safety 
requirements. These requirements ineluded those mitigations developed through the hazard 
management proeess and were earried over to a eertifiable items list (CIL). The CIL was used as 
a final verifieation tool to ensure that all elements have been tested and verified and served as the 
eomerstone of the safety eertifieation proeess. Testing and verifieation were eondueted by the SQA 
in eoordination with the Operations Department and Design Engineering and Construetion 
Management Department. Prior to initiating revenue serviee, the Chief Safety and Quality 
Assuranee Offieer eertified eomplianee through a Safety Certifieation Verifieation Report 
eomprised of multiple eertifieates of eonformanee that was delivered to the Sound Transit ehief 
exeeutive offieer. The Safety Certifieation Verifieation Report and the CIL did not eontain an 
operational hazard analysis, prerevenue operations testing, or a thorough review of the Final Safety 
and Seeurity Verifieation Report. 

When a projeet moves toward eompletion with existing open items, an exeeption report 
will aoeompany the CIL and eertifieates of eonformanee. This report allows for a temporary 
mitigation while a longer-term solution to a hazard is implemented. Sound Transit should have 
exereised due diligenee during the safety eertifieation proeess by issuing a temporary mitigation 
to address the hazard of an overspeed derailment at the aeeident loeation. Ideally, Sound Transit 
eould have waited until PTC was installed before operating the Caseades serviee on the bypass. 
However, the hazard assoeiated with the speed reduetion was overlooked during the safety 
eertifieation proeess and the mitigation was erroneously elassified as “eompleted aeeepted.” The 
NTSB eoneludes that Sound Transit’s omission of the final aetivities of the eertifieation proeess 
resulted in the lailure to eontrol the identified hazardous eondition of an overspeed derailment at 
the aeeident eurve. Therefore, the NTSB reeommends that Sound Transit review its internal 
proeess for safety eertifieation and verifieation, perform a gap anafysis, and develop anaetion plan 
to address the defieieneies identified in the gap anafysis and detailed in this report to enhanee the 
verifieation aetivities on projeets. 

As a result of Sound Transit omitting the fin al aetivities of the eertifieation proeess, the 
NTSB eoneludes that Sound Transit failed to implement effeetive mitigations in lieu of PTC to 
eontrol the hazard at the aeeident eurve. Further, the NTSB eoneludes that there was no 


Sound Transit did complete testing on all grade crossing warning devices. 
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requirement for WSDOT, Sound Transit, or Amtrak to provide additional proteetion for the 
aeeident eurve. 

The NTSB’s May 12, 2015, aeeident report regarding the derailment of Amtrak train 188 
near Philadelphia, Pennsylvania, diseussed possible teehnologies that eould, when PTC was not 
available, effeetively mitigate hazards assoeiated with engineers beeoming spatially disoriented 
(NTSB 2016). In the Philadelphia aeeident, the engineer overlooked the speed restrietion of an 
upeoming eurve and derailed the train. There are similarities between the DuPont and Philadelphia 
aeeidents regarding engineers foiling to reeogrdze an upeoming eurve and assoeiated speed 
restrietions. In both aeeidents there was no aetive PTC in plaee and the physieal eues for the 
engineers were not signifieant enough to alert them of the upeoming speed restrietion. In the 
Philadelphia report, the NTSB stated, “the engineer likely would have benelitted from teehnology 
that showed him the loeation of his train in real time, whieh would have also helped him establish 
and maintain his situational awareness.” As a result, the NTSB issued the following Safety 
Reeommendation to the FRA; 

Require railroads to install deviees and develop proeedures that will help 

erewmembers identify their eurrent loeation and display their upeoming route in 

territories where positive train eontrol will not be implemented. (R-16-32) 

The FRA’s initial response (February 9, 2018) suggested that this reeommendation 
required the development and testing of new teehnologies before it eould evaluate its 
implementation. In order to move forward on the reeommendation, the FRA planned to determine 
the following: 

• The level of interest wit hin the eornrnunity 

• If the teehnology would improve safety 

• The eost (inetusive of other resourees) neeessary for deployment 

• The potential benefits relative to the soeietal eosts 

On Mareh 28, 2019, the FRA wrote that it diseussed the reeommendation with the Class 1 
railroads who believed that the teehnology needed to satisfy the reeommendation was not 
available, and that they did not intend to develop it. The FRA also asserted that 49 CFR Parts 240 
and 242 already require loeomotive engineers and eonductors to be familiar with the physieal 
eharaeteristies of the territories in whieh they work. Under these regulations, the FRA initiated 
multiregional audits of the railroads, foeusing on operations in nonsignaled territory. 

The FRA eoneluded its Mareh 28, 2019, letter saying that the need for Safety 
Reeommendation R-16-32 was “dubious” and the eosts would “eertainly be tremendous, ousting 
at least in the hundreds of millions of dollars .. ..” Given that the teehnology does not exist, that it 
had “little to no known safety benefits” to ofiset its signifieant eost, and that a regulation requiring 
railroads to install the teehnology would be redundant with existing rules, the FRA did not plan to 
take the reoommended aotion. 
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In issuing Safety Reeommendation R-16-32, the NTSB believed that the reeommended 
teehnology was readily available and afibrdable. Moving map displays that use global positioning 
systems (GPS) are eommonly available in personal eell phones and tablets used by many people. 
As a result, the NTSB is eoneemed that both the FRA and the Class I railroads that reviewed the 
reeommendation did not Mly understand it. 

Amtrak briefed NTSB investigators on May 20, 2019, on their reeent development of a 
moving map display designed to enhanee situational awareness of the train erews on their route. 
The applieation, ealled AWARE, monitors the position and speed of a train in real-time. Amtrak 
demonstrated a proof of eoneept in November 2018 and is working on a targeted deployment of 
the applieation on territory with a Positive Train Control Mainline Traek Exelusion Addendum 
(MTEA) in 2019 with system-wide deployment to follow. 

The NTSB believes that this reeommendation is applieable to the DuPont aeeident. In both 
the Philadelphia aeeident and the DuPont aeoident, experieneed engineers who were in eomplianee 
with 49 CFR Part 240 beeame disoriented. In the Philadelphia aeeident, a qualified and 
experieneed engineer beeame spatially disoriented when his attention was diverted. The engineer 
in the DuPont aeeident knew of the speed restrietion, but beeause he was not familiar with the 
territory and the approaehing speed restrietion, he failed to slow the train. Other human faetors 
eonsiderations, sueh as poor visibility or unexpeetedly high workload, ean also eontribute to an 
engineer beeoming spatially disoriented. The NTSB now understands that using readify available, 
low-eost teehnology, sueh as GPS and moving map displays, is a potential teehnology solution 
that the FRA did not eonsider. The NTSB believes that, in both the Philadelphia and DuPont 
aeoidents, this teehnology would have likefy helped both engineers remain spatially oriented. 
Although the FRA and Class I railroads believe that the required teehnology is not available and 
would be expensive to develop, and that 49 CFR Parts 240 and 242 fully address the safety issue, 
despite our findings, the NTSB asks that the FRA reeonsider this deeision in view of the 
availability and eost of the aetual reeommended teehnology. The NTSB eoneludes that beeause 
the FRA did not aet on the reeommendation to add teehnology to assist engineers in determining 
their loeation, an opportunity to improve safety was overlooked. Consequently, Safety 
Reeommendation R-16-32 is reiterated and is elassified “Open—Unaeeeptable Response.” 

2.5.7 External Oversight of Sound Transit 

Beeause federal and state funding was used in the development of the Point Defianee 
Bypass projeet, the FRA and WSDOT were responsible for providing oversight of Sound Transit, 
who was the subgrantee to the projeet. Although most of these oversight elements were fin ancial 
in nature, both ageneies were responsible for ensuring that the projeet would be safe to operate, 
and that Sound Transit’s safety eertifieation proeess was followed. In its eontraet with Sound 
Transit for the eonstruction and eompletion of the projeet, WSDOT required Sound Transit to 
eomplete a Safety Seeurity Certifieation Verifioation Report to eertify that the projeet was “safe 
and ready for use in revenue operations.” Although WSDOT staff ensured that the projeet was 
proeeeding aeeording to sehedule and budget, their role in overseeing safety was limited. One 
WSDOT staff member partieipated in both Sound Transit’s PHA aetivities and some testing, 
ineluding grade erossing testing and validation. However, WSDOT did not have a formalized 
approaeh to oversee the implementation of Sound Transit’s safety eertifieation proeess, nor was 
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there a requirement for WSDOT to do so. The NTSB eoneludes that WSDOT should have provided 
greater oversight of Sound Transit’s safety eertifieation proeess. 

To meet federal rail projeet fending requirements, the FRA required grantees to submit 
design plans, proposed expenditures, eonstruetion bids, and other doeuments required by the 
HSIPR Program under the ARRA. In this ease, the FRA provided written approvals to WSDOT 
that ineluded approvals for preliminary engineering, fin al design implementation, and eonstmetion 
stages for the bypass. Under the funding requirements, the FRA also required that WSDOT submit 
a System Safety Program Plan. However, the FRA is onfy required to review sueh plans, not to 
approve them In this ease, beeause the projeet was being eonstmeted by Sound Transit, Sound 
Transit’s Safety and Seeurity Management Plan would apply. The NTSB eoneludes that the FRA’s 
eurrent requirement to review, but not approve, SSPPs does not aehieve the level of safety 
oversight expeeted from the FRA. 

The FRA’s role in oversight of railroad funding projeets is split between grant oversight 
and safety oversight. The polieies and proeedures in the grantee’s or subgrantee’s SSMP involving 
safety proeesses to be followed during projeet design, eonstruetion, and prerevenue testing are 
grant requirements, and the FRA Passenger Rail Division provides guidanee and feedbaek on these 
safety doeuments. But the FRA has no regulatory authority to approve or require ehanges to an 
SSMP or the SSMP’s implementation. The FRA Offiee of Safety (whieh ineludes the Passenger 
Rail Division) will in some instanees perform site visits and observe prerevenue aetivities. In the 
ease of the Point Defianee Bypass, the Passenger Rail Division reviewed Sound Transit’s hazard 
management program but only as a deliverable of the grant. Although there were also 34 field and 
eomplianee inspeetions eondueted by the FRA regional offiee prior to the initiation of revenue 
serviee (these ineluded traek, signal, operating praetiees, grade erossings, and motive power and 
equipment), none of these inspeetions noted the defieieneies that were evident during the safety 
eertifieation phase of the projeet. Sinee the FRA’s role in SSMP oversight is limited, the FRA was 
unable to ensure that mitigations to proteet the aeeident eurve in lieu of PTC were implemented. 
As shown in this aeeident, NTSB eoneludes that without PTC and the laek of oversight to 
implement mitigations, there was an inereased safety risk to the traveling publie. Therefore, the 
NTSB reeommends that the FRA prohibit the operation of passenger trains on new, refurbished, 
or updated territories unless positive train eontrol is implemented. 

As the eventual operator of passenger rail serviee over the upgraded Point Defianee route, 
Amtrak partieipated in prerevenue meetings over several years that detailed the planned route, 
operating environment, and inherent safety hazards. Sound Transit invited Amtrak to partieipate 
in several aetivities related to the safety eertifieation of the Point Defianee Bypass projeet, 
ineluding the PHA and various tests and validations (some tests are federally mandated sueh as 49 
CFR 238.111(a) whieh is testing to validate equipment and traek and signal eompatibility). 
However, these tests did not inelude the appropriate safety department at Amtrak. Amtrak's 
involvement in these prerevenue planning, engineering, and eonstmetion aetivities provided 
opportunities to beeome aware of the safety hazards and their planned mitigations, sueh as the use 
of PTC for safety proteetion at the 30-mph eurve and the intent to use the Talgo trainsets. However, 
as the preparation aetivities progressed toward eompletion, Amtrak failed to make Sound Transit 
aware of their ineomplete and inadequate safety eontrols. As the railroad ofreeord, Amtrak had a 
duty to eliminate the risk to the lowest praetieable level. For example, Amtrak aeeepted the use of 
timetable proteetion for the 30-mph eurve, instead of the reeommended PTC proteetion identified 
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in early risk analyses for the route. Moreover, Amtrak, as the railroad of reeord, submitted the 
petition to the FRA to exempt Talgo railears, not only for the Point Defianee route but two other 
west eoast routes, despite awareness that the railears did not meet prevailing safety standards for 
erashworthiness. When asked about Amtrak’s verifieation that the grade erossing warning deviees 
on the Point Defianee Bypass were tested, verified, and working property, the Amtrak general 
superintendent stated to investigators, “Our assumption is grade erossings work property when the 
host railroad says the railroad is ready for you to operate on it.” The NTSB eoneludes that Amtrak 
did not take an aetive enough role in reviewing safety aspeets during the preparation of the Point 
Defianee Bypass to ensure a safe operation. The NTSB also eoneludes that Amtrak failed to assess, 
evaluate, and aet upon readily identifiable safety hazards to ensure the safety of the Point Defianee 
Bypass for the traveling publie and its own train erews. Therefore, the NTSB reeommends that 
Amtrak ineorporate all prerevenue serviee planning, eonstmetion, and route verifieation work into 
the seope ofifs eorporate-wide system safety plan, ineluding its rules and polieies, risk assessment 
analyses, safety assuranees, and safety promotions. 

Unfortunately, this aeeident is just one of several that have oeeurred reeentty where Amtrak 
has been unable to eontrol or infiuenee the management of safety on the host railroad. 

On Oetober 5, 2015, at 1022 a.m. eastern daylight time, southbound Amtrak train 55, 
derailed at MP 65.2 on a single main traek after striking a roek pile that fouled the right of way on 
the New England Central Railroad (NECR) near Northfield, Vermont (NTSB 2017a). The 
eoUision and subsequent derailment resulted in the loeomotive and first eoaeh railear derailing and 
sliding down an embankment. Three additional eoaeh railears derailed but remained upright and 
in-line near the traek. This aeeident highlighted that although Amtrak used a hazard management 
program on its owned and operated territory through its System Safety Program Plan (SSPP), this 
program was not applieable on a host railroad. The Amtrak SSPP hazard management program 
established a methodology for determining risk and the mitigation of this risk; the risks addressed 
by Amtrak inetuded roek fall and roek slide areas along the Northeast Corridor and Harrisburg 
Eine. In eontrast, although the NECR had a safety program, at the time of the aeeident the NECR 
did not have a formalized hazard management and assessment program as it pertains to rook fall 
risk management and mitigation. 

On Maroh 14, 2016, at 12:02 a.m. oentral daylight time, Amtrak train 4 derailed near 
MP 372.9 in the vioinity of Cimarron, Kansas (NTSB 2017b). This Eos Angeles to Chioago train 
oonsisted of two looomotives and ten railears. Eour railears were derailed on their sides, one railear 
derailed and was leaning, two railears derailed upright, and one railear derailed a single tmok. The 
aeeident oeeurred on the BNSE Railway. A runaway feed truck Ifom an adjacent feedlot impaoted 
the railroad traoks and pushed the traoks out of alignment. At the looation of the aeeident, there 
were no proteotive barriers or fenoing plaoed along the right of way to prevent this undesirable 
intrusion. Along the Amtrak-owned and-operated Northeast Corridor and Harrisburg line, Amtrak 
implemented an intrusion prevention strategy to develop standards and install fenoing and barriers 
to reduoe the risk of vehiole intrusion onto the right of way.^"^ Amtrak does not require the same 
risk reduction strategies Ifom its hosts. 


Amtrak Intmsion Prevention on the NEC Presentation, November 16, 2015. 
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On February 4, 2018, about 2:27 a.m eastern standard time, southbound Amtrak train 91, 
operating on a traek warrant, diverted from the main traek through a hand-thrown switeh into a 
siding and eoUided head-on with stationary CSX Transportation (CSX) loeal freight train F777 03. 
The aeeident oeeurred on the CSX Columbia Subdivision in Cayee, South Carolina (NTSB 2018b). 
The engineer and eonductor of the Amtrak train died as a result of the eoUisioa At least 92 
passengers and erewmembers on the Amtrak train were transported to medieal faeilities. Although 
this aeeident is still under investigation, preliminary information from the investigation suggests 
that the Amtrak train was authorized to operate through the territory at maximum authorized speed 
during a signal outage.This differs from the eurrent operating plan that Amtrak uses during 
planned signal outages and unplanned signal outages on their own property. 

During the NTSB investigative hearing on this aeeident, Amtrak offieials diseussed the use 
of host railroads to operate the majority of route miles of Amtrak serviees aeross the United States. 
Amtrak uses a Host Railroad Agreement to gain aeeess to the host’s right of way and to define the 
fee strueture paid for sueh aeeess. As diseussed during the hearing, the Amtrak Host Railroads 
Team said that the team infrequently diseussed safety issues and that it was unelear the extent to 
which safety provisions were eontained in the host railroad agreements. 

These aeeidents highlight that there is ineonsisteney in the approaeh to managing safety on 
Amtrak-owned and -operated territory versus that of a host’s territory. Amtrak relies on host 
railroads to meet the minimum federal safety standards to ensure safe operations of Amtrak trains. 
However, on its own territory, Amtrak aims to meet and exeeed these standards by not only 
meeting the minimum safety standards required by federal regulation, but also historieally using a 
System Safety Program Plan, not required federal regulations, and more reeently after a 
reeommendation from the NTSB, implement a safety management system (SMS). The effort to 
develop and implement an SMS at Amtrak will enhanee the management of safety aeross the 
system but it may be more ehallenging to implement on a host railroad. These enhaneements will 
go beyond the eurrent minim um standards used by the host railroads. The NTSB eoneludes that to 
improve safety for the publie, Amtrak needs to implement an SMS on all of its operations whether 
internal, host railroad, or in states that own infrastrueture over whieh Amtrak operates. Therefore, 
the NTSB reeommends that Amtrak work eoUaboratively with all host railroads and states that 
own infrastrueture over whieh you operate in an effort to develop a eomprehensive safety 
management s>^tem program that meets or exeeeds the pending FRA regulation 49 CFR Part 270, 
“System Safety Program” 

On April 3,2016, about 7:50 a.m eastern daylight time, southbound Amtrak train 89stmok 
and killed a worker inside a baekhoe at MP 15.7 near Chester, Pennsylvania (NTSB 2017). As a 
result of this investigation, the NTSB identified the need for Amtrak to implement a formal System 
Safety Program, and issued reeommendations to Amtrak to take this aetion. One of the ehallenges 
freed by all railroads in developing a formal S}«tem Safety Program, has been the failure of the 
FRA to enaet its final rule. Many of the railroads have designed their System Safety Program but 
are apprehensive about implementing their plan beeause of eoneems that modifieations will be 
neeessary after the System Safety Program regulation is fully enaeted. At the time of the NTSB’s 


A train operating through a signal outage does not rely on wayside or cab signaling receive movement authority 
through the territory, in this case movement authority was authorized by the CSX dispatcher. 
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report on the aeeident in Chester, the FRA had delayed the rule’s implementation four times. As a 
result, the NTSB issued Safety Reeommendation R-17-17 to the FRA: 

Enaet Title 49 Code of Federal Regulations Part 270, “System Safety Program,” 

without further delay. (R-17-17) 

In the 2 1/2 years sinee the final rule was published, the FRA has granted six extensions 
that have delayed this rule until its eurrently seheduled efieetive date of September 4,2019. In 
the years sinee the rule was published, aeeidents have eontinued to oeeur. In addition to the 
aeeident near Chester, Pennsylvania, and the aeeident in DuPont, Washington, the NTSB is also 
investigating the February 4, 2018, aeeident involving Amtrak train 91,whioh diverted from the 
main traek through a hand-thrown switeh into a siding and eoUided head-on with a stationary 
CSX Transportation freight train in Cayee, South Carolina (NTSB 2018b). The engineer and 
eonductor of that Amtrak train died, and 92 passengers and erewmembers were transported to 
medieal faeilities. On April 22, 2019, pending implementation of the final rule. Safety 
Reeommendation R-17-17 was elassified “Open—Unaeeeptable Response.” The Chester 
aeeident oeeurred on Amtrak’s own property. As shown by this aeeident and others, Amtrak 
operates on host railroads throughout the United States. The system safety regulation would not 
be limited to Amtrak property and would be applieable to all of Amtrak’s operations ineluding 
those on host railroads. With the regulation in plaee, the relationship between the host railroad and 
Amtrak would be better defined and Amtrak eould present to the host railroads their regulatory 
obligations. The NTSB eoneludes that the repeated postponement of 49 CFR Part 270, “System 
Safety Program,” has delayed needed safety improvements for the passenger rail industry, rail 
employees, and the traveling publie. Therefore, the NTSB reiterates Safety Reeommendation 
R-17-17. 


NTSB investigators learned that following this aeeident, Amtrak offieials developed a risk 
assessment proeess to be used to evaluate the risks to Amtrak operations over a new or upgraded 
serviee. The proeess inetudes using expertise from Amtrak’s System Safety Ofliee and loeal 
transportation management offieials. Sinee its development, this risk assessment proeess has been 
used several times by Amtrak ineluding on the return of serviee to the Point Defianee Bypass. 
Amtrak operations and safety offieials stated to investigators during interviews that Amtrak will 
mature its risk assessment proeess and use it on all new or upgraded future serviees. The NTSB 
eoneludes that the use of risk assessments to identify, mitigate, and eontrol risk on new and 
upgraded serviee will inerease the level of safety to Amtrak operations over all territories. 
Therefore, the NTSB reeommends that Amtrak eonduet risk assessments on all new or upgraded 
serviees that oeeur on Amtrak-owned territory, host railroads, or in states that own inffastrueture 
over whieh you operate. 

2.6 Equipment Crashworthiness 

When the leading loeomotive and the Talgo Series Vt trainset derailed, they were 
immediately subjeeted to a severe longitudinal load and abending moment as a result of the sudden 
deeeleration in the sharp eurve.^^ The sudden deeeleration was a direet result of the train’s 
interaetion with the surrounding environment, sueh as soil and ballast foundation of the traek 


This was an 8° 22-minute curve. 
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strueture, bridge struetures, the jaekknifed trainset railears, and trees. The tbrees assoeiated with 
the derailment and the bending moment eaused the leading loeomotive to separate from the first 
railear in the trainset and several of the artieulated eonneetions of the trainset to fraeture, triggering 
the separation of passenger railears. In this derailment, a total of six artieulated eonneetions Med. 
The locomotive and derailing railears were then exposed to seeondary eoUisions after they derailed 
from the traeks. The outeome from many of those seeondary eoUisions resulted in the eatastrophie 
Mure of passenger railear body struetures beeause of the eomplex and uneontro lied movement of 
passenger ears, whieh led to the loss of survivable spaee, side passenger window failures, several 
passenger ejeetions, injuries, and three fataUties. 

AMTK 7424 (8) and AMTK 7504 (7) were those passenger raUears in the trainset that 
sufiered the most severe eompromise of their raUear-body stmetures. AMTK 7424 (8) traveled off 
the overpass to the southeast (eompass direetion) with its leading end direeted toward the adjaeent 
bridge embankment. The raUear then nosed downward, upended, and overturned end-over-end, 
resting on its roof where it then stmek a truek traUer traveUng on 1-5. OveraU, the seeondary 
eoUisions and interaetions with the surrounding environment resulted in about 30 pereent of the 
right sidewall shearing from the side sUl and roof line. The roof was spUt and opened from the 
suspended end to about the eenter of the raUear. Four of five right-side passenger windows were 
missing as a result of the seeondary eoUisions. The end waU structure of the suspended end of 
AMTK 7424 (8) was eompletely separated from the end frame structure as a result of its interaetion 
with the tmek and traUer eoUision and other seeondary eoUisions as it feU from the embankment. 
The left-side waU of AMTK 7424 (8) was heavily seraped and abraded but remained intaet. The 
strueture was sUghtly pushed inward from the suspended end to the approximate eenter of the 
raUear. The roof line from the suspended end to the approximate eenter of the raUear-end was 
fraetured and sUghtly pushed inward. Four of live left-side windows were missing, Ukefy due to 
the eoUision. In total, there were 11 passengers traveUng in this raUear; of these, 5 were ejeeted, 
and a total of 10 were injured, and 4 of the injuries were deemed severe. The NTSB eonetudes the 
Talgo Series VI passenger raUear AMTK 7424 (8) did not provide adequate oeeupant proteetion 
after its artieulated eonneetions separated, resulting in eomplex, uneontro lied movements and 
seeondary eoUisions with the surrounding environment whieh led to damage so severe to the raUear 
body strueture, that it eaused passenger ejeetions. 

The unique design of the Talgo Series Vt trainset roUing assembly and its vulnerability to 
detaehment further eontributed to the severity of seeondary eoUisions. The observations in this 
deraUment demonstrated that the roUing assembfy is prone to separation when the trainset’s 
artieulated eonneetion faUs. In this deraUment, five roUing assembfies My detaehed, and one 
partiaUy detaehed. One Mly detaehed roUing assembfy was involved in a seeondary eoUision with 
a separated Talgo Series Vt passenger raUear resulting in the three fataUties. Passenger raUear 
AMTK 7504 (7) stmek the roUing assembfy from AMTK 7422 (10) during the seeondary 
eoUisions after the deraUment whereupon the raUear stmeture of AMTK 7504 (7) was severely 
eompromised. The Talgo Series Vt trainset roUing assembUes are suseeptible to detaehment when 
the artieulated eonneetions M in a high-energy deraUment or eoUision. Based on the examination 
of the postaeeident damage, photographie doeumentation eoUeeted by the Federal Bureau of 
Investigation Evidenee Response Team and the loeation of the human remains prior to the 
northeast bridge abutment that passed over the lanes of southbound 1-5, AMTK 7504 (7) eoUided 
with the detaehed roUing assembfy from AMTK 7422 (10) after the artieiUated eonneetions Mled 
on both raUears, thereby resulting in the roUing assembfy physieally penetrating AMTK 7504 (7). 
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The three fetalities that oeeurred in AMTK 7504 (7) were all the result of blunt Ibree trauma. Two 
of the fatally injured passengers were ejeeted from the eompromised railear-body stmeture of 
AMTK 7504 (7) when the side wall of the railear was breaehed by the rolling assembly from 
AMTK 7422 (10). The rolling assembly tore a hole into the underside of the railear as it flipped 
over onto its right side during the derailment. The rolling assembly was found partially inside of 
the railear. In addition, two more passengers were partially ejeeted out of the opening ereated by 
the railear’s struetural breaeh. Another passenger was fatally injured when he was stmek by the 
rolling assembly inside of the railear. The NTSB eoneludes that the failure of the artieulated 
eonneetions of both Talgo Series VI passenger railears AMTK 7422 (10) and AMTK 7504 (7), the 
detaehed rolling assembfy from AMTK 7422 (10) and its seeondary eoUision with AMTK 7504 
(7) direetfy resulted in three fatalities and two partially ejeeted passengers who had been traveling 
in AMTK 7504 (7). 

The rolling assembly of AMTK 7424 (8) detaehed during the derailment and traveled 
aeross the southbound lanes of 1-5. A green Kia Soul and ablaek Jeep Grand Cherokee were stmek 
by the rolling assembfy whieh weighed about 4,500 pounds. The rolling assembly stmek the front 
hood of the Kia and the rear of the Jeep, eausing both drivers to lose eontrol of their vehieles. Both 
vehieles sustained extensive erush damage resulting from the impaet with the rolling assembly. 
The driver of the Kia was injured and pinned inside of the vehiele when the engine bloek was 
shoved rearward, eoUapsing the dashboard and steering eolumn onto the driver. The driver had to 
be extrieated by first responders. After being stmek by the rolling assembfy, the Jeep then rotated 
180°, striking the metal guardrail before eoming to fin al rest. The Jeep oeeupant also reeeived 
minor injuries in the aeeident. 

The grandfathering provision approved by the FRA (diseussed in further detail in 
seetion 2.6.2 of this report) allowed the use of the Talgo Series VI trainset subjeet to the eondition 
(one of several eonditions that were required to be met) that the railears must be modified by 
applying safety eables between the railears and bogies (tmek assemblies) to resist a min imum total 
longitudinal foree of 77,162 pounds to prevent separation of the railear-bodies and rolling 
assemblies. The NTSB learned the limit of the foree was eonstrained beeause any greater foree 
would eompromise the end-wall stmeture of the railears. This addition was required beeause the 
original design of the rolling assembfy was primarily held in plaee by guidanee arms and the FRA 
was eoneemed the rolling assembly eould detaeh during an aeeident. Examination of the 
postaeeident performanee of the modifieation showed there was a high pereentage of failure of the 
eables. The eables installed were, in faet, not eables; they were lightweight high-strength pofyester 
straps. When the term “eable” is used in manufaeturing and design industry, it is assoeiated with 
a steel braided material, not a pofyester materiaL Although similar strength is aehievable with 
nylon materials, nylon has a life expeetaney assoeiated with it. Nylon and pofyester straps possess 
a limited useful outdoor serviee life due to degradation eaused by abrasion, exposure to natural 
elements, temperature gradients, and exposure to sunlight or other measurable sourees of 
ultraviolet radiation. An industry best praetiee, at a minimum, would require that potyester straps 
regularly exposed to outdoor eonditions be identified with the date they are plaeed into serviee and 
be periodieally proof tested to their rated eapaeity. The investigation determined, through 
eommunieation with Talgo, that there was no maintenanee or design speeifieation that established 
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either periodie proof testing or a preseribed serviee life of the strap. In other words, there were 
no measurable inspeetion requirements beyond a periodie visual assessment and no established 
serviee life to speeify how long the strap would be expeeted to meet the design expeetations before 
environmental degradations would oeeur and the strap was no longer eapable of meeting the 
strength requirements. The NTSB tensile tested several samples of straps eoUeeted from the 
aeeident trainset and exemplar straps from another Talgo Series VI trainset eurrently in serviee. 
The results determined that the individual straps that were tested fraetured at tension loads that 
were about 10 to 50 pereent of the rated tension breaking strength. The NTSB eoneludes that the 
safety straps used for the Talgo Series VI trainset rolling assembly retention modifieations were 
degraded due to their use in exposed outdoor eonditions and were used for past their serviee life. 
In its examination of the proposed modilieations during the grandfothering approval proeess, the 
FRA negleeted to eonsider that the high strength pofyester fobrie strap would degrade and beeome 
weaker over time. Had the FRA eonsidered that this type of manufaetured material degrades over 
time, they eould have either established maintenanee requirements to both periodieally test and 
ehange the straps at intervals or required the use of a steel braided eable with an efieetive life of 
20 years. The NTSB eoneludes that during the grandfothering approval proeess, the FRA failed to 
eonsider the limited useftil serviee life of the polyester straps used for the Talgo Series Vt trainset 
rolling assembly retention modifieations whieh had degraded and failed to improve the 
erashworthiness of the train. 

2.6.1 Historical and Regulatory Approach to Crashworthiness 

The NTSB has investigated several aeeidents in its history where the issue of 
erashworthiness performanee of rail passenger vehieles involved in seeondary eoUisions 
eontributed to the overall severity of the aeeident. On January 26, 2005, the NTSB launehed a team 
to Glendale, California, to investigate a eoUision between a Metro link eommuter train and a 
highway passenger vehiele.^* The northbound Metrolink train stmek an unoeeupied sport-utility 
vehiele on the traek. The train derailed and impaeted a standing freight train and jaekknifed into a 
northbound traia There were 11 fatalities and more than 100 injuries as a result of this aeeident. 
Although the NTSB elosed this investigation due to a eriminal investigation assoeiated with the 
driver of the sport-utility vehiele, the derailment prompted the FRA and Volpe to examine the 
erashworthiness of the rail vehieles involved in this aeeident. In its report, Volpe stated that despite 
the eomplex motions of passenger [railears] involved [in this aeeident], the prineiple eausal 
meehanism for the fatalities and serious irguries in the Glendale aeeident was the loss of survival 
spaee due to the gross deformation of the railear strueture. In other words, the seeondary eoUisions 
with nearby trains after the initial impaet with the sport-utUity vehiele were the impetus of the 
railear-body failures. 

As mentioned in seetion 1.11.5 of this report, as a safety requirement, aU passenger railears 
that operate in the United States must have eomer and eoUision posts. The deraUment and 


Talgo ejqjlained to NTSB investigators they performed an exterior calendar day mechanical inspection of 
passenger equipment required by 49 CFR 238.303 “Exterior calendar day mechanical inspection of passenger 
equipment,” prior to the accident, but now specifically includes inspection of safety straps. 

Closeout memorandum, NTSB Docket DCA05MR009. 

59 Proceedings of the ASMFASCMEEE 2011 Joint Rail Conference, JRC2011, March 16-18, 2011, Pueblo, 
Colorado, USA; Crashworthiness Analysis of the January 26, 2005, Qendale, CaUfomia, Rail Collision. 
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subsequent eoUision of two Metro-North trains on May 17,2013, demonstrate the need and benefit 
to passengers traveling in passenger trains with these features. The eastbound Metro-North 
passenger train derailed from main traek 4 of the New Haven line subdivision near Bridgeport, 
Conneetieut, and was struek by a westbound Metro-North passenger train that was traveling on an 
adjaeent traek. As a result of the eoUision, 62 passengers, 2 engineers, and 1 eonduetor were injured 
(NTSB 2014). After the eastbound train deraUed, it was struek and sideswiped by the westbound 
train. In an exa min ation of the erashworthiness performanee of the railears involved, the NTSB 
Ibund that a struetural eomer post of one of the severely deformed raUears did provide a 
measurable level proteetion, but in its investigation, the NTSB determined that the eomer post did 
not meet federal stmetural requirements. This example is relevant for two reasons, (1) the Talgo 
Series Vt passenger ears do not have eomer or eoUision posts and (2) Uke in many deraUments, 
trains often enter the adjaeent traek and ean be subjeeted to seeondary eoUisions from another 
train. 


The approaeh to erashworthiness in the United States historieally has foeused on the statie 
end strength of the individual train raUears and loeomotives. In May 1999, the FRA pubUshed a 
fin al rule requiring improved erashworthiness standards that ineluded stmetural enhaneements to 
the raUear body sueh as eoUision posts, eomer posts, antielimbing meehanisms, meohanieal 
eoupler strength requirements, and tmek to raUear-body attaehment requirements. The basis of this 
approaeh was to proteet oeeupants from the loss of survivable spaee during a eoUision by 
strengthening the raUear stmeture and prevent raUear-to-railear overrides when a eoUision oeeurs. 
In the 1999 fin al rule the FRA stated that it was eoneemed with the level of safety by passenger 
equipment designed to European and other international standards when sueh equipment is 
operated in the United States. The FRA stated (at the time of pubfteation) that overaU trainsets in 
Europe did not meet the stmetural standards eommon in the United States, and the ERA befteved 
that the adherenee to sueh standards by the United States had eontributed to a high level of safety. 
Codifying these standards was the ERA’s approaeh to assure that a high level of safety was 
guaranteed when operating passenger trains in the eomingled environment with heavy freight 
trains and numerous grade erossings, speeilieally if the European trainset beeomes desired for use 
in the United States. Reeentfy the ERA pubUshed a final rule (effeetive January 22, 2019) that 
amends passenger equipment safety standards aUowing the use of a performanee-based approaeh 
to erashworthiness design. Speeifie to Tier 1 trains (trains that operate at a maximum speed of 
125 mph) the final rule estabUshes an alternative approaeh to meeting crashwort hin ess so that 
features Uke erash energy management ean be used on a performanee basis rather than the 
preseriptive requirements eurrently {Federal Register 2Q\%,25Q2Qi). 

The eoneept of the trainset is not urUque in Europe and internationally.®*’ Erom a 
erashworthiness perspeetive, and as is the ease with the Talgo Series VI operating in the United 
States, the operating approaeh of the trainset plaees unoeeupied railears (equipment railear and 
baggage railear) at eaeh end of the trainset. Then a loeomotive or eab railear is used to operate the 
train. The individual railears in the trainset are eonstmeted to resist a longitudinal statie load of 
about 450,000 pounds, whieh is signifieantly less than the United States requirement of 


A semipermanent trainset is one in which cars are coupled through an articulated connection. This connection 
cannot be traditionally uncoupled like traditional North American mechanical couplers. The trainset is retained in its 
configuration unless special tools are used by qualified mechanics in a facility. 
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800,000 pounds. In addition, exeept for the equipment railear, there are no eomer or eoUision posts 
as part of the struetural design of the individual passenger railears, unlik e the United States 
requirements whieh require all passenger railears that operate in North Ameriea to have M height 
eomer and eoUision posts.The onfy exeepted raUears are those whieh had been grandlathered to 
operate in the United States by the FRA. It should be noted that the Talgo Series VI is the only 
passenger railear that reeeived grandlathered approval by the FRA that operates in the United 
States. Aeeording to the analyses presented to the FRA from Amtrak and Volpe, it had been 
theorized that the presenee of unoeeupied raUears would provide a level of proteetion at eaeh end 
of the trainset in a train-to-train eoUision. The theory is that the initial energy from the eoUision 
forees would be absorbed by the unoeeupied raUears thus proteeting the oeeupants traveUng in the 
eenter seetion of the trainset. This approaeh laUs to eonsider two key risks; (1) the analysis 
presented to the FRA for grandlathered approval eonsidered only train-to-train eoUisions with 
similar types of trains, not freight trains whieh ean weigh more than 10,000 tons versus the weight 
of the aeeident train at 461 tons, and (2) the risks assoeiated with seeondary eoUisions from the 
surrounding environment that often is assoeiated with the train departing the traek and eoUiding 
with adjaeent trains (raking eoUisions) and trainset buekUng (jaekknifing) and/or individual raUear 
separation due to raUear-to-railear eonneetion faUures. 

In the DuPont, Washington, deraUment, several artieulated eonneetions fafled in away that 
was predieted by the FRA and Volpe as diseussed in the FRA’s final approval to grandfather the 
Talgo Series VI trainset. Several individual raUears in the trainset separated whereby the 
passenger-oeeupied raUear stmetures with their defieient end-strength design and no eomer or 
eoUision posts were ftUly exposed to aU surrounding environmental risks. Had this aeeident 
oceurred on double traek territory and another passenger raUear or frUly loaded freight raUear 
eoUided wUh these raUears sueh as Ui the 2005 Glendale, CaUlbmia, aeeident, the aeeident 
outeome woiUd have resulted in signifieantly more loss of survivable spaee. In the 2013 
Bridgeport, Coimeetieut, aeeident, the NTSB observed that the eomer posts provided measurable 
proteetions agaUist the loss of oeeupied spaee (NTSB 2014). If this type of aeeident had oeeurred 
wUh a Talgo trainset Ui whieh the individual passenger ears did not have eomer posts, the outeome 
woiUd have resiUted in a significant loss of survivable spaee. The Vaneouver, British Columbia, 
deraUment oeeurred wUh the train traveUng at onfy 3 mph when U deraUed Uito an adjaeent freight 
ear tearing into the side stmeture of Talgo Series VI passenger ears. Had this aeeident oeeurred at 
speeds Uke the Dupont, WashUigton, deraUment, the outeome woiUd have resiUted in a signifieant 
loss of survivable spaee. 

The demonstrated behavior of the Talgo Series VI traUiset deraUments and the behaviors 
of raUears Ui many other deraUments and eoUisions investigated by the NTSB provide a substantial 
and eonebsive basis to prediet postevent outeomes of raUears during an aeeident. In a severe or 
high-energy aeeident, the raUears often depart from the traeks and into adjaeent surroundings. The 
physies of the sudden deeeleration of the traUi during a deraUment or eoUision and the foUowing 
Ibrees from the traUing raUears are the do min ant eontributor to this behavior, whieh typieally 
results Ui jaek-knifed individual raUears. The raUears are then exposed to the surrounding 
environment whieh ean inelude, nearby traUis, automobiles, and rigid wayside stmetures. The 
erashworthiness of the Uidividual raUears must be able to resist, to some degree, the erush that they 


A recent Notice of Proposed Rulemaking proposednew recommendations for the Tier I passenger equipment 
and allows for alternate compliance in 49 CFR Part 238. 
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will be exposed to from seeondary eoUisions. Shoe 1999 h the United States, orashworthiness 
requirements that hohde the end-strength of 800,000 pounds, oomer and ooUision posts, and other 
stmotural minimums have been mandatory. The benefit ofhavhg these required struotural features 
on all railoars has improved safety for passengers, speoifioally when there has been an aooident 
and the railoars depart the traoks hto adjaoent traok or other environmental features that oan lead 
to oatastrophio laiture. Based on the failed artioulated oonneotions, the laok of 
United States-oompliant struotural proteotions of the Talgo Series VI railoar-body, and the 
demonstrated behavior of the trainset h a derailment, the NTSB oonohdes that the Talgo Series 
VI trainset is stmoturally vuherable if it is hvolved h a high-energy derailment or ooUision due 
to its laok of orashworthiness proteotions and is at risk to severe and oatastrophio loss of survivab le 
spaoe. 

2.6.2 Grandfathering 

Title 49 CFR 238.203(d), “Grandfathering of Non-Compliant Equipment for Use on a 
Speoified Rail Line or Lines,” provides a provision for a raUroad to petition the ERA to permit the 
use of rail equipment not meeting the then-newly published requirements for statio end strength. 
The petitions submitted were required to inolude (summarized): 

• DetaUed drawings and material speoifioations, engineering anafysis suffioient to 
desoribe the performanoe of the statio end strength and its performanoe in a ooUision 

• Risk mitigation efibrts employed in oonneotion with the use of the equipment 

• A quantitative risk assessment demonstrating the use of the equipment in the servioe 
environment it would be operated in, in the pubUo interest, oonsistent with raUroad 
safety 

On September 8, 2000, the ERA determined there was enough information submitted to 
estabUsh that the five Talgo Series VI trainsets oorUd be operated oonsistent with raUroad safety in 
the Paoifio Northwest Corridor at speeds up to 79 mph subjeot to speoifio oonditions tied to the 
review and approval of the train oontrol system The trainsets and their predeoessors (aooording to 
the ERA) had operated without inoident on this oorridor shoe 1994. ERA further oonohded that 
the trainsets oorUd also be operated h the pubUo hterest and oonsistent with raUroad safety on the 
Los Angeles-Las Vegas route at speeds up to 79 mph. 

Amtrak and Volpe had provided and developed information to oharaoterize the 
orashworthiness of the trainsets under the oonditions speoified. However, given the unoertainty 
related to the orash anafysis, risk assessment, and other issues disoussed above, the ERA 
determhed that the oonditions attaohed to their approval would beneoessary to seoure a reasonable 
level of oonfidenoe that safety would not be oompromised. 

Einal approval was granted by the ERA on Maroh 27, 2009, for the operation of 67 Talgo 
Series VI raUoars (five traUisets) havUig met the oonditions disoussed above along with the 
foUowing oonditions (summarized): 
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• Restrieted to operations between Eugene, Oregon, and the United States/Canadian 
border near Blaine, Washington, and the route between Los Angeles, California, and 
Las Vegas, Nevada. 

• Operations on the Paeilie Northwest Corridor were authorized, eonsistent with other 
railroad safety regulations (ineluding 49 CFR 213.345, “Vehiele/traek system 
quaffieation”) only upon aeoeptanee by the Assoeiate Ad min istrator for Railroad 
Safety/Chief Safety Offieer of plans for, and installation ol^ a train eontrol system 
meeting the requirements of 49 CFR Part 236, ‘Rules, Standards, and Instruetions 
{Federal Register, 2016, 88060).” 

2.6.3 Investigative Hearing 

The NTSB eondueted an investigative hearing on July 10-11, 2018. One area of foeus 
during the hearing was the grandlathered use of the Talgo Series VI trainset. Representatives from 
the ERA, Amtrak, and WSDOT provided expert witness testimony and responded to questions 
from investigators. NTSB investigators wanted to understand if the ERA and Amtrak were 
eoneemed about the performanee of the Talgo Series VI trainset based on the reeent evidenee of 
how it performed in the DuPont, Washington, aeeident, and whether the ERA had interest to 
re-examine its deeision to grandlather this equipment. The ERA responded by stating it saw no 
reason to reeonsider the petition beeause the items that were eovered by the grandfathering 
agreement performed adequate^. This assertion is eontrary to what NTSB investigators found 
during the investigation. The NTSB found the items eovered by the grandlathering agreement did 
not perform adequate^. One sueh item eovered by the agreement was the rolling assembly 
retention modifieation. As diseussed earlier, the grandfathering agreement granted by the ERA 
allowed the use of the Talgo Series VI subjeet to the eondition that the railears were modified by 
applying safety eables between the railears and bogies (tmek assemblies) to resist a min imum total 
longitudinal foree of 77,162 pounds to resist separation of the railear bodies and rolling assemblies. 
This was required beeause the original design of the rolling assembty between the suspended and 
supported ends of the railears was primarily held in plaee by guidanee arms and the ERA was 
eoneemed the rolling assembly eould detaeh during an aeeident if the railears eame apart. 

In this aeeident five rolling assemblies fully detaehed, one partially detaehed and two of 
the detaehed rolling assemblies were known to be involved in seeondary eoUisions that resulted in 
injury and three deaths. On a Talgo Series VI trainset eonsisting of 12 railears, (exeluded for thi s 
diseussion are the lead and trailing loeomotive) there are 11 rolling assemblies that reside between 
the supported and suspended railears. Live fifily detaehed rolling assemblies represent a failure 
rate of 45 pereent. The NTSB eonsiders a failure rate of this magnitude an unaeeeptable risk to 
passenger safety. The ERA understood the risk of the Talgo Series VI trainset rolling assemblies 
that eould separate during an aeeident by requiring the modifieation as a eondition to be 
grandfathered. The performanee of this modifieation in this aeoident demonstrates the 
modifieation was not sueoessfol and the ERA should have serious eoneems about the eontinued 
use of this trainset. The ERA granted grandfathered approval of the Talgo Series VI trainset based 
on several eonditions, ineluding the modifieation of the rolling assemblies to resist separation. 
Should one of those eonditions not be met, then the trainset no longer meets the terms of the 
approved agreement. Based on the degraded eonditions of the rolling assembly safety straps, the 
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NTSB eoneludes that the Talgo Series VI trainset designated as Amtrak train 501 was not in 
eomplianee with the terms and eonditions of the FRA’s grandlathering agreement. 

Amtrak’s expert witness responded to NTSB’s question during the hearing regarding its 
eoneem with eontinued use of the Talgo Series VI trainset from a safety perspeetive based on its 
performanee in this aoeident by stating they would provide their response later. As of the date of 
this report, no response has been provided from Amtrak. 

A grandfather elause is an exemption that allows a design or a system to eontinue in 
operation that was in use before the implementation of new rules, regulations, or laws. The 
grandlathered s>«tem beeomes exempt to speeifie requirements while all other designs or 
operations must abide by the new rules. Depending on speeifie eireumstanees, grandfather elauses 
ean be implemented in perpetuity, for a speeified amount of time, or with speeifie limitations. 
Regarding the grandlathered approval of the Talgo Series VI trainset, the FRA told investigators 
in the investigative hearing that the FRA’s approval will remain in plaee for the life of the 
equipment. 

The NTSB is eoneemed that the use of a grandfathering elause for publie transportatio n 
systems that do not eonform to speeifie regulatory requirements intended to provide a min imum 
level of safety exposes the publie to unneeessary risk. In the ease of the Talgo Series VI trainset, 
the grandlathering approval granted by the FRA was based on: an engineering anaty^sis suffieient 
to deseribe the performanee of the statie end-strength and its performanee in a eoUision; risk 
rrdtigqtion efibrts employed in eonneetion with the use of the equipment; and a quantitative risk 
assessment demonstrating the use of the equipment in the serviee environment it would be operated 
in, was in the publie interest, and was eonsistent with railroad safety. The approaeh outlined is 
logical in that the elements provide measurable results that allow one to eonsider the many risks 
that eould manifest into signifieant safety failures, however, in the ease of the Talgo Series VI not 
all risks were eonsidered. A reasonable approaeh would eonsider the most likefy risks assoeiated 
with the design in the environment in whieh it is used. As diseussed above, not all risks were 
eonsidered, sueh as eoUisions with freight trains and the serviee life of a risk mitigating 
modifieation. In the ease of the Talgo Series VI, the anaty^sis and risk assessments were eompleted, 
mitigating strategies were implemented, and the grandlather applieation was approved but no 
eonsideration was undertaken for eontinued monitoring of the existing risk or risks that might 
develop with aging of the mitigation measures. 

There are no regulatory feetors in the grandlathering provision that allow the FRA to 
eontinuously monitor the grandlathered system that was required to eontain several mitigating 
modifieations. However, nothing prohibited the FRA from monitoring under its existing authority. 
Based on testimony during NTSB’s investigative hearing, the Talgo Series VI trainset is the only 
train in the United States that has an approved grandlathered agreement that allows it to operate 
with railear-body end-strength that does not meet United States requirements. The NTSB 
eoneludes that allowing the grandfathering provision to remain in 49 CFR 238.203(d), 
“Grandlathering of noneompliant equipment for use on a speeified rail line or lines,” is an 
unneeessary risk that is not in the publie interest nor eonsistent with railroad safety. Therefore, the 
NTSB reeommends that the FRA remove the grandlathering provision within 49 CFR 238.206(d) 
and require all railears eomply with the applieable eurrent safety standards. 
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2.6.4 Design Life of Taigo Series VI 

The NTSB questioned both the FRA and WSDOT during the investigative hearing that 
took plaee on Jufy 10-11, 2018, about the design life of the Taigo Series Vt trainset. The FRA 
expert witness responded that the design life is between 25 and 30 years. When asked what dietates 
the lifespan of a railear, the FRA indieated there were eommereial eonsiderations and material 
latigue eonsiderations. 

Aluminum railears differ in performanee, aeeording to the FRA. Compared to earbon steel, 
aluminum ean be more suseeptible to aeeumulating fatigue damage sueh as eraeks in the strueture 
to a point that it is no longer eeonomieal to eontinue in serviee. The NTSB is aware that designers 
must eonsider the useful life differenees in material properties between earbon steel versus 
aluminum, speeilieally latigue life. In faet, high-strength aluminum is subjeet to latigue lailures 
more readily than mild steel at eomparable stress levels. In the ease of alloyed aluminum, fatigue 
life is eonsidered more earefully for some designs and more importantly, wherever there will be 
vibration, and high stress points. 

The Taigo Series VI trainset did experienee latigue lailures early in its lifeeyele. During its 
investigation, the NTSB learned about four instanees of railear-body eraeking “fissures” that were 
diseovered with the Taigo Series VI trainsets. Reeords indieate that in August 2005, just 7 years 
after the trainset entered serviee, the railear-body stmetures started to tail The fissures first 
appeared on the supported end of the railears where the rolling assembfy towers eonneeted to the 
end frame. During serviee life, the fissures eontinued to appear at other loeations on the trainset. 
The other loeation was near the stmetural area on the end of the railear where the artieulated 
eouplers are attaehed. In all found oases, mitigating repairs were made to stop the fissures Ifom 
propagating and maintain the stmetures’ intended purpose. This also required inoreased periodio 
inspeotions involving Taigo, Amtrak, WSDOT and the FRA. The inspeotions required oontraot 
modifioations to ftind the inspeotions and added to the existing maintenanoe oyole. These speoial 
fissure inspeotion efibrts are expeoted to eontinue while the trainsets remain in serviee. 

In a reoent inspeotion that took plaee in February 2019, the FRA reported that three railears 
Ifom the Mount Olympus trainset were found with new fissures. These newfy diseovered fissures 
will require additional maintenanoe mitigation aotion to prevent further propagation. This trainset 
was the trainset involved in the Deoember 17,2018, derailment in Vanoouver. During the NTSB’s 
examination of this trainset, the fissure inspeotion was oompfeted by Amtrak personnel with no 
new fissures identified. 

During the NTSB’s investigative hearing, the expert witness from WSDOT responded to 
questions about the operating life of the Taigo Series VI trainset. He referred to a fleet management 
plan that eonsidered the design life of the Taigo Series VI trainset. Within the plan, he explained 
there are replaoement options proposed based on a design life of 20 to 25 years. 

2.6.5 WSDOT’s Fleet Management Plan 

The NTSB obtained a oopy of WSDOT’s freet management plan. In it, the plan deseribes 
WSDOT’s eoUaborative efibrt between WSDOT and ODOT to address friture equipment needs 
and identifies investment strategies. It doeuments how demands for Amtrak Caseades equipment 
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and maintenanee taeilities were being met when the plan was initially developed and how they 
would be addressed onee major federally funded infrastrueture improvements were eompleted in 
2017, as well as what equipment and maintenanee needs must be met through the year 2037 to 
ensure the eontinued growth of the Paeilie Northwest’s intereity passenger rail system 

The plan ineluded a life-eye le anafysis that predieted an optimum life of the trainset based 
on eeonomio faetors sueh as annual maintenanee eosts, overhauls, and the availability of finaneing 
for fleet replaeement. The analysis does not have any eonsideration for the engineering limits of 
the design life of the Talgo trainset nor any eonsiderations to provide safe reliable transportation 
that is in the publie’s interest. One eould make the argument that overhauls eould serve as the basis 
for eonsideration of engineering design limits or safety, when it eomes to a railear-body that 
develops fissures during its lifeeyele and the inereasing eosts assoeiated with mitigations. The 
NTSB reeognizes the eeonomie realities for owning, operating, and planning for future 
transportation needs but these eeonomie interests must be equally balaneed with the safe operation 
of the system to inelude proeuring equipment that meets or exeeeds the eurrent passenger safety 
standards in the United States. 

A representative from WSDOT testified at the NTSB investigative hearing on this aeeident 
that the average serviee life of the Talgo trainsets is between 20-25 years. This statement is also 
ineluded in WSDOT’s Fleet Management plan. This co nfir ms that WSDOT is currently operating 
a trainset that is at or near the end of its useful life—a trainset that laeks stmetural proteetions and 
does not meet United States standards. WSDOT is now aware and eontinues to operate a Talgo 
Series Vf trainset design that does not provide adequate proteetion to passengers in the event of a 
high-energy derailment or eoUision. After an overall evaluation of this trainset design, the NTSB 
eoneludes the Talgo Series Vf trainset does not meet eurrent United States safety standards and 
poses unneeessary risks to railroad passenger safety when involved in a derailment or eoUision. 
Therefore, the NTSB reeommends that WSDOT diseontinue the use of the Talgo Series VI 
trainsets as soon as possible and replaee them with passenger railroad equipment that meets all 
eurrent United States safety requirements. 

2.6.6 Lead Locomotive 

There were no visual separations of the eomer and eoUision posts, or visual separations or 
ruptures of the welded seams. Both side-entry doors of the engineer’s eab and the maehine room 
aeeess door were operable. The underframe was loea% deformed, but the stmetural eondition was 
intaet. The CEM in the front and rear eoupler was not aetivated. Both tmeks and their retention 
meehanisms remained intaet and attaehed to the loeomotive. The fuel tank and the fuel tank inlet 
were not eompromised beeause of this deraUment. The right side of the loeomotive exhibited 
nonstmetural eompromising sidewaU damage eonsistent with the loeomotive being on its side. 

The operating eab windshield was destroyed; however, the laminated safety glass feature 
prevented the shattered glass from separating into pieees. Damage to the interior of the operating 
eab was eonstrained primarily to the leading end, most notably at and above the front glazing 
(windshield). The vertieal spaee of the eab interior was redueed to about 19 inehes between the 
operator’s desk and the eeUing, and to 66 inehes from the floor to the eeUing. The height above 
the seats was redueed to 66.5 inehes. 
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This investigation determined loeomotive WTDX 1402 (1) was eonstructed to meet 
erashworthiness standards as preserved by FRA regulations and AAR standards. The NTSB 
eonetudes that the lead loeomotive’s erashworthiness design and CEM features minimized the 
severity for irguries and fatalities to the train erew by performing as intended in this aeeident. 

2.7 Survival Factors 

The survival feetors investigation foeused on issues relating to passenger injuries, the 
postaeeident evaeuation proeess, and emergeney response eornrnunieatioris. The anafysis will 
diseuss the unin tentional rotation of the train seats that led to passenger irgury and the reduction 
in the available egress spaee. The rotation of the train seats also eompromised the oeeupant 
proteetion afibrded by eompartmentalization by allowing oeeupants to travel farther within the 
train railear, thus inereasing the likelihood of injury. In addition, the anafysis foeused on the 
difficulties eneountered by the passengers during the postaeeident evaeuation eaused by the laek 
of emergeney lighting and the laek of the required HPPL material in the signage regarding exit 
eontrols and manual release levers. Lastly, the investigation examined the eommunieation 
operations of the emergeney responders and the issues related to the laek of interoperability 
between the eornrnunieations systems for the responding ageneies. 

2.7.1 Emergency Lighting 

After the derailment, the interior of the railears lost all power. This foreed passengers to 
make their way through the darkened railears to egress points. The ambient lighting was 
insulfieient to assist the passengers as they attempted to evaeuate the train. Use of egress points 
and emergeney exits were hampered by the laek of emergeney lighting. Passengers were unable to 
read instruetional signs that provided information regarding the operation of exit eontrols and 
manual release levers. In several instanees, the passengers were unable to property manipulate the 
exit eontrols whieh delayed their eseape from the railear. The laek of lighting added to the 
eonfiision and the diffieulty in evaeuating the railear. 

First responders reported that the laek of lighting eomplieated the reseue efforts. First 
responders inadvertently walked over vietims tying on the floor beeause of the inability to see 
them. The laek of lighting made it diffieult for emergeney responders to see and avoid obstaeles 
and other dangers in the damaged railears. The Talgo trainset does not possess adequate emergeney 
lighting in the event of the railears separating in an aeeident. The batteries are loeated at the front 
of the train in the power railear, and in the baggage railear, loeated to the rear. Separation of the 
railears, as oeeurred in this derailment, eauses a disruption in the power to all the railears. The 
NTSB eoneludes that after the Talgo trainset separated from the power ears, there was no power 
to the train for emergeney lighting whieh hampered the ability of passengers to evaeuate the train 
and the ability of the first responders to eonduet reseue operations within the railear. The NTSB 
further eoneludes that the laek of emergeney lighting hampered the ability of passengers to 
evaeuate the train and the ability of the first responders to eonduet reseue operations wit hin the 
railear. 


Following the 1996 train aeeident between a Maryland Area Regional Commuter train and 
an Amtrak train near Silver Spring, Maryland, that resulted in the deaths of 11 people, the NTSB 
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issued reeommendation R-97-17 to the FRA regarding emergeney lighting on passenger trains 
(NTSB 1997): 

Require all passenger railears to eontain reliable emergeney lighting fixtures that 

are eaeh seh-eontained independent power souree and ineorporate the requirements 

into the minimum passenger railear safety standard. (R-97-17) 

In 1999, the FRA issued regulations that required emergeney lighting for new passenger 
railears. The FRA regulations stated that minimum levels of emergeney lighting must be provided 
adjaeent to doors intended for emergeney egress and along aisles and passageways for new 
equipment. However, the Talgo trainset was manufaetured prior to the implementation of this 
standard. 

As diseussed in seetion 1.13.9, the FRA amended the requirement for emergeney lighting 
requirements for passenger railears in 49 CFR 238.115, “Emergeney Lighting,” in November 
2013. The amended rule required that equipment ordered before September 8, 2000, have batteries 
in eaeh railear for emergeney lighting should they be diseonneeted from the power souree. The 
Talgo trainset is required to eornply with 49 CFR 238.115 (b)(l-2) that states the equipment should 
eornply with APTA standard PR-E-S-013-99, Rev. 1. The rule stipulates that no later than 
December 31,2015, at least 70pereent of eaeh railroad’s passenger railears that were ordered prior 
to September 8, 2000, and plaeed in serviee prior to September 9, 2002, eornply with the 
emergeney lighting requirements. Amtrak requested and was denied a waiver of eomplianee by 
the ERA. As of the publieation of this report, the Talgo trainset does not have required emergeney 
lighting installed. Plans have been made for the modiheation; however, the trains are still without 
this essential safety feature. The Talgo equipment did not meet the emergeney lighting standards 
outlined in 49 CFR Part 238, “Passenger Equipment Safety Standards.” The NTSB is eoneemed 
with the laek of eomplianee of this mueh-needed safety feature on all rail passenger equipment. 
Information provided in the ERA’s denial response to Amtrak’s waiver request show that there are 
more than 1,000 passenger ears of various types that do not meet the eurrent requirements. 
Therefore, the NTSB reeommends to the ERA to use its authority and eornpel all eommuter and 
passenger railroads to meet the requirements outlined in 49 CFR Part 238 without delay, sueh that 
in the event of a loss of power, adequate emergeney lighting is available to allow passengers, 
erewmembers, and first responders to see and orient themselves, identify obstaeles, safefy move 
throughout the railear, and evaeuate safety. 

2.7.2 Exit Controls and Manual Release Mechanism Signage 

The loss of power in the railears and the failure of the system to provide adequate 
emergeney lighting resulted in several passengers being unable to property operate the exit eontrols 
for the railear doors and delayed their evaeuation from the train. The postaeeident examination of 
the railear revealed that the instmetional signs/stiekers were present as required by regulation on 
emergeney exit windows, over door exit eontrols, and manual release meehanisms. However, the 
instruetional signs loeated over the door exit eontrols and manual release meehanisms laeked the 
required HPPL material whieh would have allowed them to be visible and read by the passengers 
in the low-light or no-light environment. The passengers’ inability to read the signs eaused the 
lailure to eorreetty perform the steps required to operate the doors, thus delaying their evaeuation 
from the train. The NTSB eonetudes that the instruetional signs loeated above the railear door exit 
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eontrols and manual release meehanisms laeked the required high performanee photolumineseent 
material or suitable alternative that would have allowed them to be visible and read in low-light or 
no-light environments. Further, the NTSB eonetudes that the inability of the passengers to see and 
read the instruetional signs regarding the exit eontrols and manual release meehanisms resulted in 
the inability of the passengers to use that point of egress for eseape and delayed their evaeuation 
from the train. 

2.7.3 Compartmentalization 

The primary objeetives of erashworthiness are to preserve spaee for oeeupants to ride out 
the aeeident and to limit, to survivable levels, the forees imparted to those oeeupants. Train seats 
are plaeed reasonabfy elose and at a distanee to reduee the oeeupant’s amount of fore and aft travel 
within the railear during an aeeident. By limiting how lar oeeupants ean travel within the interior 
and by providing strategie padding, the forees imparted to a train passenger eould be survivable. 
By eomparison to highway erashes, the deeeleration experieneed by a train oeeupant is generally 
for less than that experieneed by passengers in automobiles. 

A paper published byVolpe titled “Redueing the Harm in Rail Crashes: Analysis oflrgury 
Meehanisms and Mitigation Strategies” examined erashworthiness and passenger injuries. Volpe 
determined that eompartmentalization and the applieation of an energy-absorbing material to the 
seatbaeks in the railears inereased passenger safety. The paper found that many nonfatal injuries 
were eaused by passengers striking the seatbaeks with signifieant foree or failing to remain upright 
in their seats. Maintaining the integrity of the railear interior, to inelude the position of the train 
seats, provides significant occupant protection. 

On September 12, 2008, a passenger train and a freight train eoUided head-on in the 
Chatsworth distriet of Los Angeles, California, with eaeh train initially traveling at more than 40 
mph (NTSB 2010). Twenty-four passengers and one erewmember were killed on the passenger 
train, and about 138 train oeeupants were injured, many severe^. The passenger train ears operated 
by Metrolink did inelude eompartmentalization features that mitigated many potential injuries. 
Forward-faeing row-to-row seats in the Metrolink oars provide a relatively high level of safety. 
The seats are reasonabfy elose together, with aseatpitoh of about 32 inohes, whioh plaoes the front 
of the oeeupant about 1.5 feet away from the rear of the adjaoent seat baok. This seating 
oonfrguration oompartmentalizes the oeeupants between rows of seats, with minimal distanee to 
travel in free-flight during a ooUision, whioh minimizes the seoondary impaot velooity. The 
fiberglass seat baok is fairly rigid, but injuries experieneed by passengers in this oonfiguration are 
usually not extremely severe beoause the seoondary impaot velooity is moderate. 

2.7.4 Train Seat Design 

In the Talgo passenger railears, a seleot number of train seats and seat pairs are designed 
to rotate. These rotating seats are equipped with a seat-latohing meohanism that looks the seat into 
plaoe to prevent unintentional rotation. Rotation of the seat is normally aooomplished by pressing 
the look-pedal and puUing on the outboard armrest. The seat is looked into plaoe by pushing sharply 
toward the wall and allowing the look-pedal to snap into plaoe. 


Ill 




NTSB 


Railroad Accident Report 


During the derailment of train 501, several railears experieneed the inadvertent rotation of 
train seats. This oeeurred in six of the passenger railears and resulted in injury to several passengers 
and restrieted the available aisle spaee for passenger egress. The displaeement of the train seats 
minimized the elfectiveness of eompartmentalization, whieh uses the railear design to provide 
oeeupant proteetioa In railear AMTK 7423 (9), eight rows of train seats rotated during the 
derailment. The right side of the eoaeh railear sustained struetural damage from the eoUision and 
subsequent penetration of the side of the aluminum railear by the metal overpass bridge railing. 
On that side, four rows of seats rotated. Despite onfy sustaining min imal damage to the left side of 
the railear, four rows of seats were also displaeed or rotated during the derailment. The displaeed 
seats partially obstmeted the aisleway. Railears AMTK 7420 (12) and AMTK 7422 (10) reeeived 
only moderate damage to the exterior of the railears and Me or no damage to the interior during 
the derailment. However, both railears experieneed the rotation of multiple rows of seats. Railear 
AMTK 7421 (11), sustained extensive damage in the derailment to inelude penetrating damage to 
the right side of the railear. Several rows of seats rotated at the loeation where the railear sidewall 
was penetrated and pushed inward. Postaeeident examination of railear AMTK 7554 (4) found that 
three seats were displaeed from their original position, ineluding two seats that were not designed 
to rotate. 

A postaeeident examination of the train seat latehing meehanism was performed. Several 
of the seat latehing meehanisms were examined and found to be operational However, despite no 
evidenee of meehanieal failure, seats in the railears rotated during the derailment. No definitive 
evidenee eould be found to support a finding of meehanieal defeet or the improper applieation of 
the latehing mechani s m by the train erew. The rotation of the seats eaused injuries to seated 
passengers and deereased the available egress spaee in the passenger aisleways. 

A previous investigation into the rotation of railear seats and oeeupant injuries had been 
eondueted by the FRA in 2007 (FRA 2013a). The investigation into the eoUision between an 
Amtrak passenger train and a Norlblk Southern freight train revealed that several of the eoaeh 
railears experieneed rotation of train seats despite the railears sustaining min imal damage. The 
investigation Ibund that the rotation of the train seats was likely eaused by the eoUision Ibrees 
experieneed by the raUear during the aeeident. The seat latehing meehanisms were unable to 
overeome these Ibrees resulting in the rotation of the train seats. The investigation was unable to 
definitively determine the eause of the rotation of the train seats. There was no evidenee that the 
seat latehing meehanism laUed or that the seat latehes were improperly engaged by the erew. The 
examination of the raUear seats by the investigators revealed that several of the rotated seats 
showed signs of impaet with the raUear oeeupants. The investigators were unable to determine 
whether the rotation of the seats eaused the injury to the oeeupant or whether the unrestrained 
oeeupant eaused the rotation of the train seat. The NTSB eonetudes that the rotation of the train 
seats (1) minimized the efieetiveness of eompartmentalization by aUowing passengers to travel 
greater distanees within the raUear during the aeeident, (2) eaused Uijury to several passengers, (3) 
deereased the avaUable aisleway spaee lor passenger egress. Therelbre, the NTSB reeommends 
that WSDOT, Amtrak, and ODOT develop and implement a program by whieh aU raUear seats 
that are designed to rotate be eheeked for proper posUioning and seeurement in plaee before the 
raUear ean be plaeed into or returned to passenger earrying serviee. 

The seeurement of passenger traUi seats against Uiadvertent rotation has been a reeognized 
safety issue sUiee 1990, when the NTSB Uivestigated an Amtrak train deraUment in Batavia, Iowa 
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(NTSB 1991). On January 14,1992, the NTSB issued Safety Reeommendation R-91-71 to Amtrak 
urging the railroad to implement proeedures for on-board personnel to periodieally eheek 
passenger seats, while enroute, for unloeked anti-rotational deviees and take aetion to ensure the 
seats are funetional. The reeommendation was elassified “Closed—Aeeeptable Aetion” on 
May 22, 1992, alter Amtrak provided a eopy of newfy issued instmetions to on-board personnel 
and transportation erews to eheek for unloeked anti-rotational deviees and to ensure seats are 
fonetional. The NTSB also issued Safety Reeommendation R-91-72to inspeet all Trison seat loeks 
to ensure that all are funetional whieh was elassified “Closed—Aeeeptable Aetion” on June 10, 
1993, alter Amtrak reported that it had eompleted a one-time inspeetion of all Trison seat loeks. 

The NTSB’s investigation of the August 5, 1997, derailment of Amtrak train 4 near 
Kingman, Arizona, found multiple seat assemblies with their rotational looking meohanisms not 
engaged, and as a result, several passengers sustained injury (NTSB 1998). On September 16, 
1998, the NTSB issued Safety Reeommendation R-98-56to the FRA and Safety Reeommendation 
R-98-61 to Amtrak to install a positive seat seourement system to prevent disengagement and 
undesired rotation in all new passenger oars purohased alter January 1, 2000, and to inoorporate 
the system into existing passenger oars when they are soheduled for overhaul In Ootober 1996, 
the FRA released a report titled, “Crashworthiness Testing of Amtrak’s Traditional Coaoh Seat: 
Safety of High-Speed Ground Transportation S>«tems,” whieh disoussed researoh oonduoted by 
Volpe, on behalf of FRA (FRA 1996). Aooording to this report, the seat seourement systems were 
tested and determined to be suliioiently strong to withstand the oooupant loads. On Jufy 19, 2012, 
based on information provided by Amtrak in response to Safety Reeommendation R-98-61 and 
the eompleted Volpe study, the NTSB olassified Safety Reeommendation R-98-56 
“Closed--Aeeeptable Altemative Aotioa” In response to Safety Reeommendation R-98-61, on 
June 23, 2000, Amtrak said that it reviewed the merits of this reeommendation and determined 
that Amtrak’s existing positive seat seeurement system was adequate to prevent undesired rotation. 
At that time, Amtrak said that it eontinued to eoneentrate its efforts with standard proeedures to 
ensure that all seat assemblies are seeure, and that Amtrak had redundant eheeks in plaee prior to 
departure and enroute. Coaeh eleaners, meehanies, and all staff members that turn seats as part of 
their duties should make sure that all seats are returned to their proper position and in the "loeked" 
position. Employees inspeeting a train just prior to departure are required to eheek and ensure all 
seat assemblies are seeured. Additionally, all erewmembers have the responsibility to periodieally 
inspeet seats during operations. Based on Amtrak’s altemative measures to prevent undesired seat 
rotations, on Deeember 5, 2000, the NTSB elassified Safety Reeommendation R-98-61 
“Closed--Aooeptable Alternate Aetion.” 

Although the NTSB believed that the proeedures that Amtrak implemented to ensure that 
antirotational loeking meehanisms on seats were being routinely eheeked, and that Volpe’s study 
found that the loeking meehanism was suffieiently strong to withstand oooupant loads, the results 
of this aooident again found that seats were not adequately seeured against rotation during a 
derailment aooident sequenoe, and that the seat rotations oontributed to the irguries sustained and 
impeded passengers from esoaping the railoar after the aooident. The NTSB was unable to 
determine if the proeedures that Amtrak developed in response to Safety Reeommendation 
R-91-71, and whieh were the basis for olosing Safety Reoommendations R-98-61 and R-98-56 to 
the FRA, were being used in the train involved in this aooident. The NTSB oonotudes that existing 
proeedures and design standards for antirotational seat looking meohanisms do not adequately 
proteot passengers in aooidents. Therefore, based on the findings of this aooident, the NTSB 
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reeommends that the FRA reevaluate existing seat seeurement meehanisms and their suseeptibility 
to inadvertent rotation, to identify a means to prevent the lailure of these deviees to maintain seat 
seeurement. 

2.7.5 Passenger Ejection and Injuries 

During the derailment, AMTK 7424 (8) beeame separated from the attaehed railears in the 
front and to the rear. AMTK 7424 (8) left the traek and flipped end over end, overturning and 
sliding down the grassy embankment adjaeent to 1-5. The railear entered the roadway, striking 
several vehieles before sliding to a stop. During the derailment and subsequent eoUisions with the 
bridge and roadway vehieles, the struetural integrity of the railear was eompromised and several 
of the railear windows were lost. Five passengers were ejeeted through the window openings and 
onto the interstate. All five passengers sustained injury resulting from the ejeetion. 

Title 49 CFR 238.215(b) addresses the rollover strength of passenger railear roots. The 
requirements for the design of passenger railears inelude their ability to maintain stmetural 
integrity and resist structural collapse into the oeeupant spaee during a rollover event. The 
regulation does not address railear deformation or buekling that eould adversely afieet the 
struetural support for the railear windows. In this aeeident, AMTK 7424 (8) was exposed to 
seeondary eoUision and erush forees that exeeeded its design speeifieations and failed to retain 
passengers within the railear. The deformation of the railear strueture during the aeeident sequenee 
permitted the loss of the railear windows. The loss of these railear windows provided the openings 
through whieh passengers were ejeeted. 

AMTK 7421 (11) separated from its lead railear and after derailing eame to final rest 
hanging from the trailing railear oflF the bridge overpass. Beeause of the previous separation, an 
opening was ereated at the front of the railear in the vestibule area. One passenger was partially 
ejeeted from the railear when she was thrown through the opening during the derailment. The 
partially ejeeted passenger reeeived injuries during the ejeetioa Therefore, the NTSB eonetudes 
that the failure of the artieiflated eoimeetions defeated the eompartmentalization feature of AMTK 
7421 (11) and provided a pathway for passenger ejeetion. The NTSB ftirther eonetudes that when 
the artieulated eoimeetions failed, it resulted in a seeondary eoUision that eaused raUear AMTK 
7424 (8) to roU over onto its roof and eollapse its strueture whieh dislodged the windows and 
aUowed passengers to be ejeeted. 

An imoeeupied ehUd ear seat was thrown out of the railear through the same opening as 
the partially ejeeted passenger. The seats in the railear were not equipped with seatbelts and did 
not possess seeurement points or straps for the ehild ear seat. Beeause of the inability to seeure the 
ehild ear seat, it was plaeed on top of one of the tables in the raUear. The table was loeated at the 
end of the raUear, adjaeent to the vestibule where the opening was ereated when the artieulated 
eoimeetions faUed. 

The FRA-sponsored researeh into oeeupant proteetion for passenger raUears and developed 
standards based on testing of anthropomorphie dummies ranging from a 5th pereentUe female 
(height 5 feet, weight 110 pounds) to the 95th pereentUe male (height 6 feet 1 ineh, weight 222 
pounds). Additional dynamie aeeident simulations were performed utUizing anthropomorphie 
dummies that ranged from the 50th pereentUe male (height 5 feet 7 inehes, weight 172 pounds) to 
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the 95thpereentile male (FRA 2002) (FRA 2003). The tests did not aeeount for smaller passengers, 
sueh as ehildren or small-statured adults. Thus, smaller passengers, espeeially ehildren, may not 
be alForded the same level of proteetion as adults, due to their size and their inability to eontrol 
their displaeement during an aeeident. Though signifieant researeh has been eondueted regarding 
oeeupant proteetion for ehildren in highway vehieles, less researeh has been eondueted on 
oeeupant proteetion through eompartmentalization in aviation and rail transportation. The NTSB 
eone hides that limited researeh has been eondueted into the efieetive ness of eompartmentalization 
in passenger railears for individuals that fell outside of the testing standard range, such as small 
children. Therefore, the NTSB reeommends the FRA eonduct researeh into the effeetiveness of 
oeeupant proteetion through eompartmentalization for passengers whose size (ineluding ehildren) 
is not within the eurrent range of anthropomorphie passenger sizes in FRA standards. 

In today’s soeiety, there is a pub he expeetation of a eertain level of safety when using ear 
seats when traveling. Small ehildren in unrestrained ear seats may experienee unexpeeted or 
uneontrolled movement when travehng by train due to sudden or unexpeeted deeelerations whieh 
eould resuh in an injury or worse. Ahhough there was not an injury assoeiated with the ehild’s seat 
ejeeting from AMTK 7421, the outeome represented a likefy tragie event. The unrestrained ear 
seat was ejeeted from the railear at its rear door during the derailment after the artieulated 
railear-to-railear eonneetion feiled. The NTSB supports the use of ehild safety seats and is 
eoneemed that the inability to anehor a ehild safety seat lessens its safety. The NTSB eoneludes 
that the inability to seeure ehild safety seats in a passenger train results in an undue risk to ehildren 
due to uneontrolled or unexpeeted movements during a derailment or eoUision. 

Amtrak’s eurrent pohey allows the use of a ftjU-size seat, if available, for small ehildren 
under the age of 2. If no ftftl-size seat is available, they must be earried on the lap of a paying adult. 
There are eurrently no features on Amtrak passenger trains that would allow small ehildren in ear 
seats to be restrained. In this aeeident, the parents who brought their ehild in a ear seat reported 
that they were unaware that the train would not have seeurement straps neeessary to belt the ear 
seat into one of the seats in the railear. Subsequently, the ear seat eontaining the ehild was plaeed 
on top of a table during the journey. Although the ehild was removed from the ear seat shortly 
before the time of the aeeident, during the derailment, the unrestrained ear seat was ejeeted out of 
AMTK 7421 (11). The NTSB believes that the parent’s expeetation that suitable restraints for 
seeuring the ehild seat would be available in the railear is representative of what many parents 
traveling with small ehildren may believe. The NTSB eoneludes that Amtrak should develop a 
poliey for safely aeeommodating parents traveling with small ehildren restrained in ehild safety 
seats. Therefore, the NTSB reeommends that Amtrak develop polieies for the safe use of ehild 
safety seats to prevent uneontrolled or unexpeeted movements in passenger trains and provide 
eustomers with guidanee for seeuring these ehild safety seats. 

The NTSB has been eoneemed about passengers being ejeeted through window openings 
for more than 40 years. In 1972, the NTSB noted that window ejeetions aeeounted for a large 
portion of passenger fetalities (NTSB 1972). Beeause of this, the NTSB made the following 
reeommendation to the FRA: 

In establishing near-ftiture safety standards for railroad and rail rapid-transit 

passenger railears, give priority to the problem of ejeetion of passengers through 

large side windows. Regulations should be promulgated on realistie performanee 
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tests. This souree of fatalities, even though small in number, is of sueh a large 
proportion among passenger latalities as to warrant aetion prior to the issuanee of 
the Meehanieal Standards. (R-72-32) 

The FRA had introdueed improved safety measures for passenger railears between 1972 
and 1985. The NTSB reeognized these improvements and on July 29, 1985, Safety 
Reeommendation R-72-32 was elassified “Closed—Aeeeptable Aetion.” However, sinee 1985 the 
NTSB has investigated several aeeidents that still have window issues. Window separations 
oeeurred in the Deeember 1, 2013, aeeident of a Metro-North passenger train near Bronx, New 
York (NTSB 2014). That train, whieh derailed at 82 mph, eonsisted of seven passenger railears 
and a loeomotive. Four passengers were killed, and 57 passengers and 4 erewmembers were 
injured. In that ease, the NTSB found that a eontributing faetor to the severity of the aeeident was 
the loss of windows that resulted in the fatal ejeetion of four passengers from the train. As a result 
of that aeeident, the NTSB issued the following reeommendation to the FRA on Deeember 2,2014: 

Develop aperformanee standard to ensure that windows (e.g., glazing, gaskets, and 
any retention hardware) are retained in the window opening strueture during an 
aeeident and ineorporate the standard into 49 Code of Federal Regulations (CFR) 

238.221 and 49 CFR 238.421 to require that passenger railears meet this standard. 

(R. 14-74) 

On Mareh 25, 2015, the FRA responded that it was developing a researeh program to test 
all safety aspeets of window systems, ineluding window retention and passenger eontainment 
during potential aeeident seenarios, as well as emergeney egress, reseue aeeess, and impaet 
resistanee requirements. The FRA also said that it needed to obtain more information before 
determining a researeh approaeh on this issue due to the eompeting expeetations for railear window 
performanee. The FRA expeeted this researeh to provide performanee data on window retention 
and passenger eontainment, evaluate existing and potential designs for window systems, and 
investigate praetieal testing metries and methodologies to assess and quantify eontainment 
eapabilities. Onee this researeh was eomplete, the FRA planned to assess the influenee of design 
methodologies that enhanee containment eapabilities while preserving the ability of window 
s>^tems to provide required emergeney egress and reseue aeeess without eompromising other 
safety purposes. When the researeh program was eompleted, the FRA would determine proposed 
regulatory ehanges that are reasonable and praetieal. 

On May 12, 2015, less than 2 years after the Metro-North derailment, Amtrak train 188 
derailed near Philadelphia, Pennsylvania (NTSB 2016). Four passengers were ejeeted and killed. 
The NTSB aeeident report diseussed the FRA’s eurrent passenger equipment safety regulations, 
whieh did not require proteetion from lateral forees eaused by derailments and overturns. The 
injuries in the Amtrak train 188 aeeident illustrated the need for railear safety design standards to 
address sueh forees. The NTSB’s report about the Amtrak train 188 aeeident eonetuded that, 
although the passenger equipment safety standards in 49 CFR Part 238 provide some level of 
proteetion for oeeupants, the eurrent requirements did not ensure that oeeupants are proteeted in 
some types of aeeidents, and that railroad oeeupant safety researeh and regulations should better 
refteet the different types of aeeidents that were oeeurring and employ a systematie approaeh that 
eonsiders the eauses of injury during derailments in whieh oeeupants may be thrown or struek by 
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loose objeets. As a result, the NTSB issued two reeommendations to the FRA addressing 
improvements needed to the FRA’s oeeupant proteetion standards: 

Conduet researeh to evaluate the eauses of passenger injuries in passenger railear 
derailments and overturns and evaluate potential methods for mitigating those 
injuries, sueh as installing seat belts in railears and seeuring potential projeetiles. 

(R-16-35) 

When the researeh speeified in Safety Reeommendation R-16-35 identifies safety 
improvements, use the findings to develop oeeupant proteetion standards for 
passenger railears that will mitigate passenger injuries likely to oeeur during 
derailments and overturns. (R-16-36) 

The FRA responded to these reeommendations on August 23, 2017, indieating that through 
its Rail Safety Advisory Committee (RSAC) Passenger Safety Working Group, it had eontinually 
supported numerous researeh aetivities evaluating the eauses of passenger injuries in various train 
derailment and eoUision seenarios. The FRA said that its effort supported new industry standards 
and federal regulation where neeessary, ineluding a notiee of proposed rulemaking (NPRM) 
updating and supplementing its passenger equipment safety standards. The FRA went onto diseuss 
its belief that, unlik e aeeidents in the automobile and air transportation modes, adding seat belts in 
passenger railears was not an efieetive way to inerease safety beeause the purpose of seat belts 
was to allow oeeupants to survive the deeeleration of the volume within whieh they are eontained. 
Aeeording to the FRA, passenger rail eoaehes experienee a peak deeeleration of one-fourth that of 
automobiles during a eoUision and, therefore, the interior of a typieal passenger railear provides a 
level of proteetion to passengers, without the need for seat belts, at least as effeetive as the 
proteetion provided to automobile and air transport passengers. 

The FRA also wrote in its August 23, 2017, letter, that it had extensively evaluated the 
effeetiveness and praetieaUty of avaUable oeeupant proteetions sueh as seat belts, and it eoneluded 
that foeusing efibrts on passenger eontainment and interior attaehment integrity, and ensuring that 
passengers survive seeondary impaets, were the most effeetive methods of preventing and 
mitigating passenger injuries. The FRA indieated that it would eontinue to support and perform 
researeh to evaluate the eauses of passenger injuries in train derailments and eoUisions as speeifie 
issues arise, but it did not plan to initiate a separate new researeh program 

The NTSB does not agree with the FRA that its eurrent researeh program and regulations 
effeetively address proteeting passengers in raUears involved in deraUments and overturns. In the 
span of 4 years, the NTSB has investigated three major raUroad aeeidents involving passenger 
railear deraUments that resulted in signifieant lateral aeeeleration, for whieh eontainment did not 
adequate^ proteet the 11 passengers kUled after being ejeeted from the raUears. In addition, 
eontainment did not fifily proteet the over 300 passengers hospitalized in these aeeidents. The 
NTSB eoneludes that this aeeident shows the need for the FRA to take aetion on Safety 
Reeommendations R-16-35 and -36, whieh addressed the FRA’s oeeupant proteetion standards. 
Therefore, the NTSB reiterates Safety Reeommendations R-16-35 and -36 to the FRA, whieh are 
reelassified “Open—Unaeeeptable Response.” 
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2.7.6 Communications 

The emergeney response to the derailment involved multiple ageneies from three different 
jurisdietions. The jurisdietions inetude JBLM and Pieree and Thurston Counties. The train 
derailment oeeurred within Pieree County. JBLM has eoneurrent jurisdietion with Pieree County 
in DuPont, Washington. The base’s Emergeney Cornrnunieatioris Operation is eontroUed by the 
DOD and operates on a different radio frequeney than the other emergeney ageneies within Pieree 
County. JBLM’s eornrnunieatioris system is also not eompatible with the emergeney 
eornrnunieation system used by Thurston County, the adjaeent jurisdietion to the south. The laek 
of interoperability between the various eommunieation operations resulted in eonfusion by the 
emergeney responders on the seene regarding eommand and the inability to effeetively eoordinate 
the reseue efforts among the various responding ageneies and jurisdietions. 

Beeause of the inability of the various fire and reseue ageneies to eommunieate with one 
another over aeommon radio frequeney, the eommand offieers for eaehjurisdietion had to eonduet 
operations faee-to-faee. The various eommand offieials were required to sit together in the same 
automobile to establish a unified eommand. This was an inefReient method of eondueting a large 
operation sueh as a mass easualty ineident. The laek of effeetive eommunieations resulted in 
established protoeols not being followed whieh led to the failure to properly aeeount for personnel 
on the seene, the dispateh of additional resourees from a neighboring jurisdietion that was a greater 
distanee away despite appropriate u nits being available that were eloser to the seene and within 
the same eounty. Several members of the fire department eharaeterized their own reseue efforts as 
“freelaneing” resulting from the laek of an identified eommand strueture. Multiple hospitals were 
“stood up” or alerted due to eonfusion ereated by the laek of oommunieation and eoordination 
between the various ageneies, jurisdietions, and JBLM, who was ultimately in eommand of the 
ineident. 

The various law enforeement ageneies that partieipated in the operation had established a 
separate eommand post that eould not eoordinate its efforts with the fire department beeause the 
ageneies eould not eommunieate direetly with one another. Attempts to eombine the two separate 
eommand posts into one unif ied eommand post were unsueeessful. The NTSB eonetudes that sinee 
there was no eornmon ineident eommand radio ehannel between fire and reseue ageneies, law 
enforeement, and emergeney management, the emergeney response laeked effieient eoordination. 

2.7.7 Postaccident Activity 

The laek of interoperability between JBLM’s eommunieations system and that of the other 
responding ageneies was known prior to the derailment. JBLM’s direetor of emergeney serviees 
had been working with the DOD to improve his ageney’s ability to oornmunieate with surrounding 
jurisdietions but the projeet had not been eompleted at the time of the aeeident. The NTSB 
eonetudes that the laek of interoperability of the emergeney eommunieations system used by 
JBLM resulted in poor oornrnunieations that adverse^ affeeted the eoordinated reseue effort. 
Following the aeeident, JBLM purehased the neeessary radios that will allow eornrnunieation with 
loeal emergeney response ageneies. JBLM abo eoordinated with adjaeent jurbdietions to establish 
regional interoperability ehaimeb for a multiagenoy response. When eompleted, JBLM will have 
interoperability with all emergeney responders in the regioa 
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The NTSB realizes that there are other military taeilities that eoordinate emergeney 
serviees with loeal eivilian ageneies. The NTSB eonetudes that ineompatible radio frequeneies or 
similar eornmunieation issues may exist at other loeations where military and eivilian ageneies 
eoordinate their emergeney response. Therefore, the NTSB reeommends the DOD Fire and 
Emergeney Serviees Working Group: (1) Identify all military installations that provide emergeney 
serviees to areas outside of their installations, make them aware of this aeeident, and determine the 
efieetiveness of the eommunieations system between that military installation and the adjaeent 
jurisdietions. (2) Implement a plan to address any delieieneies with interoperability eausedbythe 
ineompatibility between the DOD eommunieations system and that of adjaeent eivilian ageneies. 
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S.Conclusions 

3.1 Findings 

1. None of the following was a laetor in this aeoident: the meehanieal readiness of the train, 
the eondition of the traek or signal system, the weather, eell phone use, medieal eonditions 
of the Amtrak engineer; use of aleohol or other drugs, latigue, or any impairment or 
distraetioa 

2. This aeoident has demonstrated the value of image and audio data for the aeoident 
investigation and development of safety reoommendations. 

3. The Federal Railroad Ad minis tration has demonstrated an unwillingness to implement the 
reoommendations and regulation that would require inward-feeing video and audio devioes 
that are oritioal to aeoident investigations and improving safety on our nation’s railroads. 

4. Inward-feeing reoorders with both image and audio oapabilities oan inorease the 
understanding of the oiroumstanoes of an aeoident, and, ultimately, provide greater 
preoision in safety reoommendations and subsequent safety improvements. 

5. Had the positive train oontrol system been folly installed and operational at the time of the 
aeoident, it would have intervened to stop the train prior to the ourve, thus preventing the 
aeoident. 

6. The Amtrak quaffioation program for the Point Delianoe Bypass did not efieotively train 
and test qualifying orewmembers on the physioal oharaoteristios of a new territory. 

7. Amtrak did not provide suffioient training on all oharaoteristios of the Charger looomotive. 

8. The engineer’s unfamiliarity with, and lixation on, the audible and visual alerts assooiated 
with the overspeed alarm reduoed his vigilanoe of events outside the looomotive moments 
before the aeoident. 

9. Engineers oould better master the oharaoteristios of a new looomotive with the use of 
simulators. 

10. A systematio approaoh to training would have aided Amtrak managers in reoognizing the 
ohallenge of operating new equipment on new territories. 

11. Supplemental warning plaques, suoh as distanoe ahead plaques, or other types of 
oonspiouous signs strategioally positioned after an advanoe warning speed reduotion sign 
would provide enhanoed visibility as an added level of safety for operating orews of 
passenger and freight trains. 

12. Crewmembers qualifying on a territory oan and should play an aotive role in establishing 
and maintaining safe train operations. 
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13. Had the Washington State Department of Transportation, Central Puget Sound Regional 
Transit Authority, Amtrak, and the Federal Railroad Ad min istration been more engaged 
and assertive, and had elearfy defined roles and responsibilities during the preparation of 
the inaugural serviee, it would have been more likefy that safety hazards, sueh as the speed 
reduetion for the eurve would have been better identified and addressed. 

14. The Federal Railroad Ad min i s tration did not use its authority provided under the Fixing 
Ameriea’s Surfaee Transportation Aet to approve speed limit aetion plans with eonditions 
to require inelusion of planned and under-eonstruction alignments owned or operated by 
railroads and require periodie updates to railroads’ speed limit aetion plans, whieh led to 
no speed limit aetion plan being developed. 

15. The Federal Railroad Ad min istration should have ensured that speed limit aetion plans 
inelude new or updated routes owned or operated by railroads, using its authority in the 
Fixing Ameriea’s Surfaee Transportation Aet. 

16. Central Puget Sound Regional Transit Authority did not update the timetable on its 
Lakewood Subdivision to identify the eurve at milepost 19.8 as a erew foeus zone, whieh 
would have helped to mitigate the overspeed derailment risk. 

17. Amtrak failed to update the operating doeuments prior to starting revenue serviee whieh 
would have highlighted the speed reduetion at the aeeident eurve. 

18. Central Puget Sound Regional Transit Authority’s omission of the final aetivities of the 
eertifieation proeess resulted in the failure to eontrol the identified hazardous eondition of 
an overspeed derailment at the aeeident eurve. 

19. Central Puget Sound Regional Transit Authority failed to implement effeetive mitigations 
in lieu of positive train eontrol to eontrol the hazard at the aeeident eurve. 

20. There was no requirement for the Washington State Department of Transportation, Central 
Puget Sound Regional Transit Authority, or Amtrak to provide additional proteetion for 
the aeeident eurve. 

21. Beeause the Federal Railroad Ad min istration did not aet on the reeommendation to add 
teehnology to assist engineers in determining their loeation, an opportunity to improve 
safety was overlooked. 

22. Washington State Department of Transportation should have provided greater oversight of 
Central Puget Sound Regional Transit Authority’s safety eertifieation proeess. 

23. The Federal Railroad Ad min istration’s eurrent requirement to review, but not approve, 
system safety program plans does not aehieve the level of safety oversight expeeted from 
the Federal Railroad Ad min istration. 

24. Without positive train eontrol and the laek of oversight to implement mitigations, there was 
an inereased safety risk to the traveling publie. 
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25. Amtrak did not take an aetive enough role in reviewing safety aspeets during the 
preparation of the Point Delianoe Bypass to ensure a safe operation. 

26. Amtrak failed to assess, evaluate, and aet upon readify identifiable safety hazards to ensure 
the safety of the Point Delianoe Bypass for the traveling publio and its own train orews. 

27. Amtrak needs to implement a safety management system on all of its operations whether 
internal, host railroad, or in states that own infrastruoture over whioh Amtrak operates. 

28. The repeated postponement of Title 49 Code of Federal Regulations Part 270, System 
Safety Program, has delayed needed safety improvements for the passenger rail industry, 
rail employees, and the traveling publio. 

29. The use of risk assessments to identify, mitigate, and oontrol risk on new and upgraded 
servioe will inorease the level of safety to Amtrak operations over all territories. 

30. The Talgo Series Vt passenger railoar AMTK 7424 (8) did not provide adequate oooupant 
proteotion alter its artioulated oonneotions separated, resulting in oomplex unoontrolled 
movements and seoondary ooUisions with the surrounding environment whioh led to 
damage so severe to the railoar body stmoture, that it oaused passenger ejeotions. 

31. The lailure of the artioulated oonneotions of both Talgo Series VI passenger railoars 
AMTK 7422 (10) and AMTK 7504 (7), the detaohed rolling asserribly from AMTK 
7422 (10) and its seoondary ooUision with AMTK 7504 (7) direotfy resulted in three 
latalities and two partially ejeoted passengers who had been traveling in AMTK 7504 (7). 

32. The safety straps used for the Talgo Series Vt trainset rolling assembfy retention 
modifioations were degraded due to their use in exposed outdoor oonditions and were used 
lar past their servioe life. 

33. During the grandfathering approval prooess, the Federal Railroad Administration tailed to 
oonsider the limited usefril servioe life of the polyester straps used for the Talgo Series Vt 
trainset rolling assembfy retention modifioations whioh had degraded and tailed to improve 
the crashwort hin ess of the train. 

34. The Talgo Series Vt trainset is stmoturally vulnerable if it is involved in a high-energy 
derailment or ooUision due to its laok of orashworthiness proteotions and is at risk to severe 
and oatastrophio loss of survivable spaoe. 

35. The Talgo Series Vt trainset designated as Amtrak train 501 was not in oomplianoe with 
the terms and oonditions of the Federal Railroad Ad min istration’s grandlathering 
agreement. 

36. AUowing the grandlathering provision to remain in Title 49 Code of Federal Regulations 
238.203(d), “Grandlathering of nonoompliant equipment for use on a speoilied rail Une or 
Unes,” is an unneoessary risk that is not in the publio interest nor oonsistent with railroad 
safety. 
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37. The Talgo Series VI trainset does not meet eurrent United States safety standards and poses 
unneeessary risk to railroad passenger safety when involved in a derailment or eoUision. 

38. The lead loeomotive’s erashworthiness design and erash energy management features 
minimized the severity for injuries and fatalities to the train erew by performing as intended 
in this aeeident. 

39. After the Talgo trainset separated Ifom the power ears, there was no power to the train for 
emergeney lighting whieh hampered the ability of passengers to evaeuate the train and the 
ability of the first responders to eonduet reseue operations wit hin the railear. 

40. The laek of emergeney lighting hampered the ability of passengers to evaeuate the train 
and the ability of the first responders to eonduet reseue operations within the railear. 

41. The instructional signs located above the railear door exit eontrols and manual release 
meehanisms laeked the required high performanee photolumineseent material or suitable 
alternative that would have allowed them to be visible and read in low-light or no-light 
environments. 

42. The inability of the passengers to see and read the instruetional signs regarding the exit 
eontrols and manual release meehanisms resulted in the inability of the passengers to use 
that point of egress for eseape and delayed their evaeuation Ifom the train. 

43. The rotation of the train seats (1) minimized the efieetiveness of eompartmentalization by 
allowing passengers to travel greater distanees within the railear during the aeeident, (2) 
eaused injury to several passengers, (3) deereased the available aisleway spaee for 
passenger egress. 

44. Existing proeedures and design standards for antirotational seat loeking meehanisms do 
not adequately proteet passengers in aeeidents. 

45. The failure of the artieulated eonneetions defeated the eompartmentalization feature of 
AMTK 7421 (11) and provided a pathway for passenger ejeetion. 

46. When the artieulated eonneetions tailed, it resulted in a seeondary eoUision that eaused 
railear AMTK 7424 (8) to roll over onto its roof and eoUapse its strueture whieh dislodged 
the windows and allowed passengers to be ejeeted. 

47. Limited researeh has been eondueted into the efieetiveness of eompartmentalization in 
passenger railears for individuals that fall outside of the testing standard range, sueh as 
small ehildren. 

48. The inability to seeure ehild safety seats in a passenger train results in an undue risk to 
ehildren due to uneontrolled orunexpeeted movements during a derailment or eoUision. 

49. Amtrak should develop a poUey for safety aeeommodating parents traveUng with small 
ehildren restrained in ehUd safety seats. 
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50. This aeeident shows the need for the Federal Railroad Ad min istration to take aetion on 
Safety Reeommendations R-16-35 and -36, whieh addressed the Federal Railroad 
Administration’s oeeupant proteetion standards. 

51. Sinee there was no eornmon ineident eommand radio ehannel between fire and reseue 
agencies, law enforeement, and emergeney management, the emergeney response laeked 
effieient eoordination. 

52. The laek of interoperability of the emergeney eornrnunieations system used by Joint Base 
Lewis-MeCord resulted in poor eommunieations that adverse^ afieeted the eoordinated 
reseue eflFort. 

53. Ineompatible radio frequeneies or similar eornrnunieation issues may exist at other 
loeations where military and eivilian ageneies eoordinate their emergeney response. 

3.2 Probable Cause 

The National Transportation Safety Board determines that the probable eause of the 
Amtrak 501 derailment was Central Puget Sound Regional Transit Authority’s lailure to provide 
an efieetive mitigation for the hazardous eurve without positive train eontrol in plaee, whieh 
allowed the Amtrak engineer to enter the 30-mph eurve at too high of a speed due to his inadequate 
training on the territory and inadequate training on the newer equipment. Contributing to the 
aeeident was the Washington State Department of Transportation’s deeision to start revenue 
serviee without being assured that safety eertifieation and verifieation had been eompfeted to the 
level determined in the preliminary hazard assessment. Contributing to the severity of the aeeident 
was the Federal Railroad Administration’s deeision to permit railears that did not meet regulatory 
strength requirements to be used in revenue passenger serviee, resulting in (1) the loss of survivable 
spaee and (2) the tailed artieulated railear-to-railear eonneetions that enabled seeondary eoUisions 
with the surrounding environment eausing severe damage to railear-body stmetures whieh then 
tailed to provide oeeupant proteetion resulting in passenger ejeetions, injuries, and fatalities. 
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4. Recommendations 

4.1 New Recommendations 

As a result of this investigation, the National Transportation Safety Board makes the 
following reeommendations: 

To the Secretary of Transportation: 

Require the Federal Railroad Ad min istration to issue regulations for inward-fae ing 
reeorders that inelude image and audio reeordings as reeommended by the National 
Transportation Safety Board in R-10-01 and R-10-02. (R-19-007) 

To the Federal Railroad Administration: 

Study the effieaey of how signs used in other modes of transportation may be 
effeetively used in the railroad industry. (R-19-008) 

Require railroads to periodieally review and update their speed limit aetion plans 
to relleet any operational or territorial operating ehanges requiring additional safety 
mitigations and to eontinually monitor the efieetive ness of their speed limit aetion 
plan mitigations. (R-19-009) 

Require railroads to appfy their existing speed limit aetion plan eriteria for 
overspeed risk mitigation to all eurrent and liiture projeets in the planning, design, 
and eonstruetion phases, ineluding projeets where operations are provided under 
eontraet. (R-19-010) 

Prohibit the operation of passenger trains on new, reforbished, or updated territories 
unless positive train eontrol is implemented. (R-19-011) 

Remove the grandlathering provision within Title 49 Code of Federal 
Regulations 338.206(d) and require all railears eomply with the applieable eurrent 
safety standards. (R-19-012) 

Use your authority and eornpel all eommuter and passenger railroads to meet the 
requirements outlined in Title 49 Code of Federal Regulations Part 238 without 
delay, such that in the event of a loss of power, adequate emergeney lighting is 
available to allow passengers, erewmembers, and first responders to see and orient 
themselves, identify obstaeles, safety move throughout the railear, and evaeuate 
safety. (R-19-013) 

Reevaluate existing seat seeurement meehanisms and their suseeptibility to 
inadvertent rotation, to identify a means to prevent the failure of these deviees to 
maintain seat seeurement. (R-19-014) 
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Conduet researeh into the efieetiveness of oeeupant proteetion through 
eompartmentalization for passengers whose size (ineluding ehildren) is not within 
the eurrent range of anthropomorphie passenger sizes in Federal Railroad 
Administration standards. (R-19-015) 

To the United States Department of Defense Fire and Emergency Services Working Group: 

(1) Identify all military installations that provide emergeney serviees to areas 
outside of their installations, make them aware of this aeeident, and determine the 
effeetiveness of the eommunieations system between that military installation and 
the adjaeent jurisdietions. (2) Implement a plan to address any delieieneies with 
interoperability eaused by the ineompatibility between the US Department of 
Defense eornrnunieatioris system and that of adjaeent eivilian ageneies. (R-19-016) 

To the Washington State Department of Transportation: 

Diseontinue the use of the Talgo Series Vt trainsets as soon as possible and replaee 
them with passenger railroad equipment that meet all eurrent United States safety 
requirements. (R-19-017) 

To the Washington State Department of Transportation, Amtrak, and the Oregon 
Department of Transportation: 

Develop and implement a program by whieh all railear seats that are designed to 
rotate be eheeked for proper positioning and seeurement in plaee before the railear 
eanbeplaeed into or returned to passenger earrying serviee. (R-19-018) 

To the National Railroad Passenger Corporation (Amtrak): 

Ensure operating erewmembers demonstrate their prolieieney on the physieal 
eharaeteristies of a territory by using all resourees available to them, inetuding: 
in-eab instruments, signage, signals, and landmarks; under daylight and nighttime 
eonditions; and during observation rides, throttle time, and written examinations. 

(R-19-019) 

Revise your classroom and road training program to ensure that operating erews 
folly understand all loeomotive operating eharaeteristies, alarms, and the 
appropriate response to abnormal eonditions. (R-19-020) 

Require that all engineers undergo simulator training before operating new or 
unfamiliar equipment (at a minimum, experienee and respond properly to all 
alarms), and when possible, undergo simulator training before operating in revenue 
serviee in a new territory and experienee normal and abnormal eonditions on that 
territory. (R-19-021) 

Implement a formal, sy^tematie approaeh to developing training and qualifieation 
programs to identify the most effeetive strategies for preparing erewmembers to 
safely operate new equipment on new territories. (R-19-022) 
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Work with host railroads and states that own infrastrueture over whieh you operate 
to eonduet a eomprehensive assessment of the territories to ensure that neeessary 
wayside signs and plaques are identified, highly eonspieuous, and strategieally 
loeated to provide operating erews the information needed to safety operate their 
trains. (R-19-023) 

Conduet training that speeifies and reinforees how eaeh erewmember, ineluding 
those who have not reeeived their eertifieations or quaffieations, may be used as 
a resouree to assist in establishing and maintaining safe train operations. 
(R-19-024) 

Update your safety review proeess to ensure that all operating doeuments are up 
to date and aeeurate before irutiating new or revised revenue operations. 
(R-19-025) 

Ineorporate all prerevenue serviee planning, eonstruetion, and route verilieation 
work into the seope of your eorporate-wide system safety plan, ineluding your rules 
and polieies, risk assessment anatyses, safety assuranees, and safety promotions. 
(R-19-026) 

Work eoUaboratively with all host railroads and states that own infrastructure over 
whieh you operate in an efibrt to develop a eomprehensive safety management 
S}«tem program that meets or exeeeds the pending Federal Railroad 
Administration regulation. Title 49 Code of Federal Regulations Part 270, 
“System Safety Program” (R-19-027) 

Conduet risk assessments on all new or upgraded serviees that oeeur on 
Amtrak-owned territory, host railroads, or in states that own infrastrueture over 
which you operate. (R-19-028) 

Develop polieies for the safe use of ehild safety seats to prevent uneontrolled or 
unexpeeted movements in passenger trains and provide eustomers with guidanee 
for seeuring these ehild safety seats. (R-19-029) 

To Central Puget Sound Regional Transit Authority: 

Immediately eonduet a review of all operating doeuments and ensure that safety 
mitigations are applied with uniformity throughout the entirety of your territory. 
(R-19-030) 

In areas of your territory where you are a host of a tenant railroad, eoordinate with 
all eurrent and any prospeetive tenants on the development of operating doeuments 
ineluding timetables, general orders, and speeial instruetions. (R-19-031) 

Review your internal proeess for safety eertifreation and verifioation, perform a gap 
anatysis, and develop an aetion plan to address the defieieneies identified in the gap 
anatysis and detailed in this report to enhanee the verilieation aetivities on projeets. 
(R-19-032) 
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4.2 Reiterated Recommendations 

As a result of this investigation, the National Transportation Safety Board reiterates the 
following previously issued reeommendations: 

To the Federal Railroad Administration: 

1. Enaet Title 49 Code of Federal Regulations Part 270, “System Safety 
Program,” without further delay. (R-17-17) 

2. Require railroads to install deviees and develop proeedures that will help 
erewmembers identify their eurrent loeation and display their upeoming 
route in territories where positive train eontrol will not be implemented. 

(R-16-32) 

3. Conduct research to evaluate the eauses of passenger injuries in passenger 
railear derailments and overturns and evaluate potential methods for 
mitigating those injuries, such as installing seat belts in railears and seeuring 
potential projeetiles. (R-16-35) 

4. When the researeh speeilied in Safety Reeommendation R-16-35 identifies 
safety improvements, use the findings to develop oeeupant proteetion 
standards for passenger railears that will mitigate passenger injuries fikely 
to oeeur during derailments and overturns. (R-16-36) 
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4.3 Classified Recommendations 

To the Federal Railroad Administration: 

1. Require railroads to install deviees and develop proeedures that will help 
erewmembers identify their eurrent loeation and display their upeoming 
route in territories where positive train eontrol will not be implemented 
(R-16-32) 

Safety Reeommendation R-16-32 is elassified Open—Unacceptable Response. 

2. Conduet researeh to evaluate the eauses of passenger injuries in passenger 
railear derailments and overturns and evaluate potential methods for 
mitigating those injuries, sueh as installing seat belts in railears and seeuring 
potential projeetiles. (R-16-35) 

Safety Reeommendation R-16-35 is elassified Open—Unacceptable Response. 

3. When the researeh speeilied in Safety Reeommendation R-16-35 identifies 
safety improvements, use the findings to develop oeeupant proteetion 
standards for passenger railears that will mitigate passenger injuries fikely 
to oeeur during derailments and overturns. (R-16-36) 

Safety Reeommendation R-16-36 is elassified Open—Unacceptable Response. 


BY THE NATIONAL TRANSPORTATION SAFETY BOARD 


ROBERT L. SUMWALT, III 

Chairman 


BRUCE LANDSBERG 

Vice Chairman 


Report Date: May 21, 2019 


EARL F. WEENER 

Member 


JENNIFER HOMENDY 

Member 
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Board Member Statements 

Vice Chairman Bruce Landsberg filed the following concurring statement on June 3, 2019, 

I concur with the report and its findings, probable cause, and recommendations, and 
1 would like to add some additional comments. 

There was a Titanic-like complacency and certainty exhibited by those tasked with the 
safety, operation and management of the Point Defiance Bypass rail line before the revenue service 
started in 2017. Like the Titanic, the crash happened on the very first passenger run. The term 
“accident” is inappropriate because that implies that this was an unforeseen and unpredictable 
event. It was anything but unforeseeable. The NTSB has been investigating overspeed derailments 
around curves for decades. Likewise, NTSB has made recommendations to the Federal Railroad 
Administration (FRA) and to the railroads to implement Positive Train Control (PTC) for decades. 

The NTSB, like all accident investigation organizations, operates with the benefit of 
hindsight. It’s always easier to judge after the feet. 1 myself have engaged in Monday Morning 
Quarterbacking on occasion. But to continue the football metaphor, when a team keeps losing 
games for the same reasons and the coaches and players are not studying the game tapes, it’s time 
for some soul searching. 

The engineer’s failure was the fin al lin k in a very long chain of mismanagement events. 
The root cause was extremely lax safety oversight, unclear responsibility, and poor training. 
Railroad management and safety implementation were lacking at almost every level Member 
Homendy noted that safety was the FRA’s primary fimction, not economics or political 
expediency. According to FRA’s own website: 

The Federal Railroad Ad min istration's (FRA) mission is to enable the safe, reliable, 
and efiicient movement of people and goods for a strong America, now and in the 
future. FRA executes this mission through development and enforcement of safety 
regulations, investment in passenger and freight rail services and infrastructure, and 
research into and development of innovations and technology solutions. 

There was plenty of fin ancial oversight but not enough attention on safety and operational 
aspects. As Chairman Sumwalt noted, AMTRAK is now operating under new management since 
the crash and appears to be moving in a much more positive safety direction. They understand that 
the training provided to the train crews was insufficient. Crew Resource Management cannot work 
when there are two new-to-the-route crew members and the operator is unf amiliar with the 
locomotive. 

Multiple agencies were involved but somehow missed critical factors. By Sound Transit’s 
own Safety and Security Management Plan (SSMP), the curve was deemed an unacceptable safety 
risk without implementation of PTC. Yet apparent^, senior management signed olf with no 
mitigations in place. Who’s accountable? 

The use of timetables, a procedure employed by traincrews dating well back into the last 
century, was thought to be sufficient. NTSB has seen that methodology foil consistently in 
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previous aeeidents. Why eontinue to rely on a system that requires sueh a high level of human 
performanee? 

Railroad signaling and signage works if everyone performs their jobs oorreo% - otherwise 
it fails periodieally. NTSB has and is making reeommendations to eneourage the rail eommunity 
to adopt lar more eonspieuous signage, as is used in other transportation modes to attraet erew 
attention. Readily available teehnology to enhanee situational awareness eurrently exists. The 
seienee of eonspieuity and alerting in human laetors is well known. It’s time to adopt it. 

NTSB Reeommendation R-16-32 to FRA was issued in 2016 alter a previous eurve 
overspeed erash; “Require railroads to install deviees and develop proeedures that will help 
erewmembers identify their eurrent loeation and display their upeoming route in territories where 
PTC will not be implemented.” 

The FRA and many of its eonstituent railroads assert that the teehnology does not eurrently 
exist and has little to no known safety benefit to ofiset its signifieant eost. They believe that a 
regulation requiring railroads to install sueh teehnology would be redundant with existing rules. 

NTSB has kept this reeommendation open and eategorized the response as “unaeeeptable. ” 
My hope is that FRA and the railroads just misunderstood the reeommendation, and 1 must assume 
that none of their management or staff have any familiarity with map applieations on smart phones 
and tablets. Moving maps as supplemental equipment on tablets and installed deviees have been 
used for a deeade or more in aireraft, boats and other ground transport vehieles. That’s how 
navigation is done today. GPS is provided by the taxpayers to all and a simple dedieated 
applieation for rail use would not eost “hundreds of mil lions of dollars,” as stated by FRA. 

AMTRAK is eurrently testing sueh an app while FRA and other railroads refer to existing 
regulations that require loeomotive engineers and eonduetors be familiar with the charaeteristies 
of the territory in whieh they will be working. Time to review the game tapes - again. 

Would it be perfeet? No! Would it meet the standard for eurrent railroad signaling? No! 
It’s intended to be supplemental to all the existing systems that should prevent aeeidents all the 
time but quite elearfy fail periodieally. This is not areplaeement or substitute for PTC, but it should 
improve the situational awareness of erews signifieantly. Test it! 

Finally, it’s way past time for Congress to stop granting exemptions and exeeptions to a 
law that was passed in 2008 requiring full implementation of PTC on passenger routes by 2015. 
It’s also way past time for many railroads and their regulatory authorities to take their management 
and safety oversight responsibility seriously. 
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Member Jennifer Homendy filed the following concurring statement on May 31, 2019. 
Chairman Robert L, Sumwalt, III, Vice Chairman Bruce Landsbei^, and Member Earl F. 
Weener joined in this statement, 

I concur with the report and its findings, probable cause, and recommendations, and 
1 would like to add some additional comments. 

In 2009, the Federal Railroad Ad min istration (FRA) issued its final decision to approve 
Amtrak’s petition to exempt the Talgo Vt trainsets from passenger railcar crashworthiness 
standards. This exemption allowed the trainsets to continue operating on BNSF tracks near Point 
Defiance and along the southern Puget Sound. At the time, there was tremendous excitement 
among federal, state, and local entities and Amtrak about new opportunities to develop high-speed 
rail and upgrade existing routes, as Congress had just provided the largest infijsion of capital in 
passenger rail in decades. 

Each of the entities involved with the petition - Amtrak, Sound Transit, the Washington 
State Department of Transportation, and the FRA-were laser Ibcused on moving Ibrward projects 
that would reduce travel time, boost ridership, and provide an alternative to increasingly congested 
highways, but within those discussions safety seemingly became less of a priority. In fact, during 
a public hearing on the petition, the FRA argued against concerns raised by some commenters 
about the safety of the trainsets, stating that the FRA’s role was not to determine whether the 
proposed exemption provided “an equivalent level of safety” to the more stringent passenger 
railcar crashworthiness standards, but to determine whether the exemption was “consistent with 
railroad safety,” as if there are varying levels of safety. 

While 49 Code of Federal Regulations 238.203 did, in feet, require the FRA to determine 
whether the petition was in the public interest and consistent with railroad safety, the FRA 
neglected its core mission, mandated by Congress in the Rail Safety Improvement Act of 2008 
(RSIA) (Public Law 110-432, Division A), which states: “In carrying out its duties, the 
Administration shall consider the assignment and maintenance of safety as its highest 
priority. 

While the law lays out additional duties, such as developing high-speed rail, it is safety thsii 
is required to be the FRA’s highest priority, not the efficient movement of people or goods. 

NTSB investigators did a tremendous job of identifying a number of deficiencies in FRA’s 
evaluation and approval of Amtrak’s petition for exemption in 2009 on the Puget Sound route. 
Those deficiencies included FRA’s failure to require more comprehensive safety anafyses and 
more stringent risk mitigations, such as positive train control and its approval of Amtrak’s second 
petition for exemption in 2017, just four days before the accident, to allow operations on the Point 
Defiance Bypass, with no safety documentation whatsoever. 


49 United States Code 103. 

49 Code of Federal Regulations 238.203(h)(2) authorizes the FRA to attach special conditions to the approval of 
petitions for exemption to passengerrailcar crashworthiness standards. Analyses by Arthur D. Little, a contractor for 
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I eould eontinue at length about eaeh of these but there is one issue the team raised that 
should be highlighted: laek of a safety management s>«tem (SMS) program at Amtrak. The NTSB 
has long reeommended the implementation of SMS aeross all modes of transportation. Although 
not required (it should be), SMS is beeoming a standard ofpraetiee among Part 121 (eommereial 
aviation) operators. There are four eomponents to SMS per Federal Aviation Ad min i s tration 
Order: 

• a safety poliey that sets out what the organization is trying to aehieve; outlines the 
requirements, methods, and proeesses the organization will use to aehieve the desired 
safety outeomes; establishes senior leadership’s eommitment to ineorporate and 
eontinually improve safety in all aspeets of the business; and relleets management’s 
eommitment to implementing proeesses and proeedures for establishing and meeting 
safety objeetives and promoting a safety eulture 

• a safety risk management proeess that identifies all hazards, anafyzes the risk, assesses 
the risk, eontrols the risk, and then eontinually evaluates whether those risk 
management strategies are working 

• a safety assuranee proeess that evaluates the eontinued efieetiveness ol^ and 
eomplianee with, requirements and implemented risk eontrol strategies and supports 
the identifieation of new hazards 

• a safety promotion program whieh ineludes training, eommunieation, and other aetions 
to ereate a positive safety eulture wit hin all levels of the workforee 

1 believe that had Amtrak developed and implemented aeomprehensive SMS, this aeeident 
would likely never have oeeurred. 

This aeeident is not the first time we have raised the importanee of Amtrak implementing 
SMS. In 2016, an Amtrak train traveling near Chester, Pennsylvania, struek a baekhoe with a 
worker inside, killing the operator and a traek supervisor and irguring 39 others. In our report, we 
reeommended that Amtrak develop a eomprehensive SMS that vitalizes safety goals and programs 
with exeeutive management aeeountability; ineorporates risk management eontrols for all 
operations afieeting employees, eontraetors, and the traveling pub lie; improves eontinually 
through safety data monitoring and feedbaek; and is promoted at all levels of the eompany. We 
issued a near identieal reeommendation in this report, and we reiterated our reeommendation that 
FRA implement its “System Safety Program” rulemaking, without forther delay. 

The “System Safety Program” rulemaking was issued in response to seetion 103 of RSIA, 
whieh required the Seeretary of Transportation to promulgate a regulation that requires eaeh Class 
1 railroad and railroad earriers that provide intereity rail passenger or eommuter rail passenger 
transportation to develop and implement a railroad safety risk reduetion program that 


Amtrak, evaluated the benefits of PTC, which showed that implementation of PTC along the Pacific Northwest 
Corridor would reduce the risk of fatalities by 47 percent and the risk of injury by 30 percent. 
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systematieally evaluates railroad safety risks on its system and manages those risks in order to 
reduee the numbers and rates of railroad aeeidents, ineidents, injuries, and fatalities. 

RSIA was enaeted in 2008; the FRA issued its final rule to address seetion 103 in 2016, 
but the Department of Transportation has delayed its implementation six times. The fin al rule is 
now set to go into efieet in September 2019. 1 hope that the FRA holds to this new date, but if it 
does not, the railroads, ineluding Amtrak, eannot and should not wait on the FRA to take aetion. 
It is eaeh railroad’s responsibility to ensure the safety of their employees and their riders in all 
aspeets of their business operations. 
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Appendixes 

Appendix A. Investigation 

The National Transportation Safety Board (NTSB) was notified onDeeember 18, 2017, of 
the aeeident in whieh a Caseades Serviee Amtrak passenger train had derailed onto Interstate 5. 
Initially, there were an unknown number of latalities, but a eonfirmation of multiple passengers 
injured. The NTSB launehed Board Member Bella Dinh-Zarr, who was the on-seene spokesperson, 
and a team to investigate traek, signals and train eontrol, railroad operations, meehanioal, 
erashworthiness, survival faetors, evenkdata/video reeorders, human performanee, medieal issues, 
and an investigator-in-eharge. 

The NTSB Transportation Disaster Assistanee Division was also on seene to provide 
assistanee with vietims and vietims’ families. 

The parties to the investigation inelude Federal Railroad Administration, Washington 
Utilities and Transportation Commission, Amtrak, Central Puget Sound Regional Transit 
Authority, Washington State Department of Transportation, Talgo, Ine., Siemens Industry, Ine. the 
Brotherhood ofLoeomotive Engineers and Trainmen; and the International Assoeiation of Sheet 
Metal, Air, Rail and Transportation Workers. 

On July 10-11,2018, the NTSB held an investigative hearing. National Railroad Passenger 
Corporation (Amtrak) Operations on Host Railroads and Safety Management Systems-involved 
Accidents (DuPont, Washington, December 18, 2017, and Cayce, South Carolina, February 4, 
2018. 
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Appendix B. DuPont Railroad of Record 

Attaehed is a flowehart explaining the railroad of reeord for each component of the DuPont 
accident. 



Figure 42. Railroad of record. 
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